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ABSTRA.CT 
Two locations, Lake Ivanhoe and the Maitland intercr ··:.'lge 
-0n Interstate 4, were selected to study the impact of bridg~ 
:;~noff on receiving water b~dies. The Lake Ivanhoe location in-
eludes two similar bridges, one without scuppers and one with 
scuppers. The Maitland interchange site has several barr. : 
ponds which drain to Lake Lucien. 
Samples were collected from Lake Ivanhoe· below the bridges 
and in the open lake away from the bridges. Also, samples were 
collected from the east pond, west pond, and Lake Lucien, at the 
Maitland interchange. Samples included water, sediments, plants 
~nd benthos to detect differences, if any, in heavy metal cc::--
centration due to sampling location~ Heavy metals tested included: 
Zn., Cu, Cr, Cd, Pb, As, .Fe, and Ni. Dissolved oxygen, temperature 
profiles and secchi disk transparency were measured in the field. 
Additional '\.;:rater quality par~11eters such as pH, turbidity, carbon 
and phosphorus were evaluated. 
Results indicated significant differences in specific heavy 
metal concentrations exist between samples collected beneath a 
bridge with scuppers compared to samples collected beneath a 
bridge without scuppers. Also, the drainage ponds appear to con-
tain more heavy metals than the adjacent -Lake Lucien at the 
Maitland interchange. 
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Recent attention has been focused on the adverse effects 
upon water quality from nonpoint and point sources associated 
with transportation and urbanization. Urban stormwater runoff 
has been shown to equal or exceed in concentration a city's 
secondary effluent discharges for the same period of time (Rimer 
et al. 1978; Helsel et al. 1979). This runoff has been shown to 
have significant loadings of chemical constit.uents rt-~t can con-
tribute to the eutrophication and poisoning of the water bodies 
which receive these flows. 
The rapid population growth in Florida has been accom-
panied by increased demands upon the state transportation system. 
The result of thes~ demands is the construction of new highways 
and the expansion and improvements of the existing systems. 
This has also rE:..:"...:lted in the construction and maintenance of 
the large number of bridges crossing Florida's countless bodies 
of water. The activities associated with the construction of 
these bridges have been studied and measures have been taken to 
minimize adverse effects upon the environment. 
tThe impact of highway bridges upon adjacent receiving water 
bodies after construction has, however, received little attention, 
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e'!en though highway runoff has been shown to contain high loadings 
of chemical pollutants, especially the heavy metals Pb, Ni, Zn, 
Cu, Cr, and Cd (Sartor, Boyd and Agardy 1974; Shaheen 1975)~ A 
study by the U.S.G.S. (Irwin and Losey 1978) in north Florida 
near Tallahassee of bridge runoff showed that measurable loadings 
of chemical parameters could be detected. However,_ these loadings 
amounted to less than 0.005 percent of the quantity of the same 
constituents carried by the river. The authors also noted that 
the loadings seemed to be related to vehicular activity, The 
findings of the U.S.G.S. study, however, did not assess the impact 
of bridge runoff in an urbanized area with a large average traffic 
volume or highway bridge runoff entering an impounded water body, 
about whi.ch informat ·i ::>n is still lacking in the li.terature. 
Objectives 
This investigation was concerned with the assessment of 
the environmental impact of highway and bridge runoff and adjacent 
receiving water bodies. The examination of the changes in heavy 
metal concentrations due to the use of ~cupper dr~ ins to discharge 
runoff from the bridge surface directly into receiving waters, 
loadings of heavy metals, and borrow ponds as detention/retention 
facilities were included in this study. 
Periodic sampling of water, bottom sediments, plants and 
benthic organisms from selected stations at two principle sampling 
sites provided data for impact assessment. Sampling stations were 
located underneath two sets of bridges having roughly equivalent 
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traffic volumes, one with scupper drains and one without scupper 
drains to examine the impact of the use of these drains. Runoff 
water samples were also collected directly from the scupper drains 
to provide information concerning the concentration and loadings 
of heavy metal pollutants released from the bridge surface. 
Sampling stations were located at the Maitland Interchange in two 
borrow ponds, and in the outfall area and the main body of Lake 
Lucien to determine the distribution of heavy metals within the 
retention/detention pond system. The data collected from all 
these sampling stations were subjected to statistical analysis to 
determine where significant concentration differences occurred. 
CHAPTER 2· 
LITERATURE REVIEW 
Attention has been focused upon the impact which point 
and nonpoint sources of pollution have on water quality parameters 
within receiving water bodies in recent years, especially as a 
result of Public Law 92-500 Sections 201 and 208. Research into 
nonpoint sources has zeroed in on urban stor~vater runoff as a 
major pollution source and authors have reported that concentra-
tions of certain constituents, such as heavy metals and nutrients, 
greatly exceed those found in secondary effluent discharges (Rimer 
et al. 1978; Helsel et al. 1979; Sartor, Boyd and Agardy 1974). 
Heavy metals are a major constituent of urban stormwater runoff 
and their sources, ~~stribution, types, modes of transport~ and 
occurrence in receiving waters will be discussed here. 
Sources and Forms of Heavy Metals 
Pope et al. (1978) have listed several sources of roadway 
contaminants which include: road surface degradation, vehicle 
lubrication system losses, vehicle exhaust emissions, load losses 
from vehicles, degradation of automobile tires, road surface 
cleaning/ deicing and rainfall. Paint used in high~vay markings 
(Wanielista et al. 1978) and corrosion of building materials 
(Malmquist 1978) have also been mentioned as possible sources of 
4 
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heavy metals in urban stormwater runoff. The heavy metals most 
often mentioned in relation to highway sources are lead, iron, 
zinc, chromium, copper and nickel. Zinc is used in high concen-
trations as a stabilizer in motor oil and as a filler in tires. 
Copper is used to increase the mechanical strength andheat dis-
sipation properties of brake linings and copper is deposited as 
the brake linings wear. Copper, nickel, and chromium originate 
from wearing of metal plating, bearings, bushings, and moving 
parts within the engine (Shaheen 1975). Malmquist (1978) found 
in a study of heavy metals in precipitation and resultant runoff 
thatxhe fallout accounted for only 7% of the copper and 30% of 
the zinc in the runoff. He concluded that the differences in the 
copper and zinc could be attributed to the corrosion of building 
mater ials which may be another important source of heavy metals, 
especiall y in urban runoff. 
Cadmium and manganese are also receiving attention as 
constitu ents of stormwater runoff. Cadmium is thought to orig-
inate from the wearing of automobile tires (Hosie et al. 1978). 
Manganese is beginning to show up in greater concentrations of 
highway runoff because of its use as an antiknock ingredient in 
gasoline in the form of methylcyclopentadienyl manganese tricar-
bonyl in some areas instead of lead. }~nganese pollution has 
been related to traffic density and manganese concentrations were 
measured at two tunnels on the Pennsylvania Turnpike in 1977 which 
showed emissions to 0.08 mg Mn/kg fuel combusted or about 15% of 
the manganese in the fuel burned (Pierson et al. 1978; Joselow 
et al. 1978). 
Lead 
The principle source of lead has been identified to be the 
use of leaded fuel by highway vehicles. Tetrarnethyl . and tetra-
ethyl lead are added to gasoline as antiknock ingredients in con-
centrations ranging from 550 rng/1 in the U.K. to 150 mg/1 in West 
Germany (Laxen and Harrison 1977). Small amounts of the tetraakyl 
lead compounds are lost by evaporation or pass through the exhaust 
system umcumbusted. The majority of the lead is emitted in 
particvlate form, the percentage being controlled by the speed 
of the engine and the driving mode (Ganley and Springer 1974; 
Habibi 1973; TerHaar et al. 1972). Ganley and Springer (1974) 
have determined that at normal cruise speeds (55-60 mph) and 
exhaust gas Lcillperatures of 90°F that the weight percentage of 
lead compounds in the particulates emitted is close to 45% and 
that the percentage of lead emitted tends to increase with 
increasing speed. Hirschler anrl G:i.lbert (1964) have shown that 
great extremes exist in the percentage of lead burned that is 
being emitted, ranging between 20-25% for the city driving after 
extended suburban service to 870-2000% during full throttle 
acceleration to 60 mph. The lead emission rate was concluded to 
be 0.028 g/mi. using emission data collected from a fleet of 25 
cars (1966 model year) under the Federal Cycle conditions (Ter 
Haar et al. 1972). 
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Knowledge of the approximate sizes of the particles emitted 
is also .important so that the distribution of the pollutants can 
be determined. In general,particles less than 1 micron will 
remain suspended in the atmosphere due to their low settling 
velocities, whereas particles greater than 10 microns will settle 
out close to the roadway due to turbulent settling, impingement, 
and gravitational settling. Several investigators show agreement 
about the existence of three size regions for lead particulate 
emissions (Ter Haar et al. 1972; Ganley and Springer 1974; 
Habibi 1973). The first region consists of particulates less 
than 0.05 to 1.5 microns whose particles are believed to be derived 
directly from the combustion chamber. The second region, con-
taining particles from 1.5 to 5.0 microns, was shown to contain a 
negligible amount of lead particulates because particles in this 
size range are believed to be deposited within ~~e exhaust system 
where they grow in size and are later reentrained. The third 
region consists of particles greater than 5 microns considered to 
be reentrained after deposition in the exhaust system under 
favorable conditions, such as rapid acceleration and high engine 
speed. The exact percentage of a given size that was emitted 
tended to vary with changes in speed, driving mode, exhaust 
temperature, gasoline additives, and total car mileage. TI1e 
ratio of fine to coarse particles decreasing under high speed and 
high load conditions (Hirschler and Gilbert 1964), similar to 
those experienced in city type driving. 
The chemical composition of the lead particulates emitted 
depends upon the length of time they spend in the exhaust system 
and the types of fuel additives used. The majority of the lead 
emitted is in the form of PbClBr and PbC1
2
·PbC1Br when ethylene 
dichloride and ethylene dibromide are added to the fuel as lead 
scavenging agents as in the case of commercial leaded gasoline 
(Ganley and Springer 1974). The lead salt, 2PbBrCl·NH4 Cl, is 
mainly associated with particles less than 2 microns in diameter 
and results from the mixing and cooling of the exhaust gases 
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in the ambient air. The larger particles that result from depo-
sition and reentrainment are composed of lead in the form of the 
mixed ocyhalide, 2PbO·PbC1Br (Habibi 1973). Other compounds 
incl1!ry ~ng PbS04, Pb 2P2o7 , and 3Pb3(P04)2. PbClBr occur in small 
amounts when phosphorus and sulfur compounds are present in the 
fuel mixture. The:~A highly soluble compounds tend to lose their 
halide constituents upon aging in the atmosphere and are converted 
into the less soluble lead oxides, carbonates, and sulfates (Laxen 
and Harrison 1977; TerHaar and Bayard 1971). A study of soluble 
lead content of precipitation in the U.S. showed a large concen-
tration of soluble salts which the authors attributed to the 
existence of the halide salts and the conversion of Pb02 to the 
sulfate by atmospheric sulfur dioxide. (Lazrus, Lorange and 
Lodge 1970). Further support is given by Olson and Skogerboe 
(1975) who have identified the sulfate as the major component of 
lead in the street dust and roadside soil in a discussion of the 
conversion of lead to the sulfate and nitrate in the atmosphere 
and soil (Laxen and Harrison 1977). 
Heavy Metals in Precipitation and Runoff 
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Studies of heavy metal concentrations in snow samples taken 
adjacent to streets and highways have shown that concentrations 
are related to traffic volumes. Oliver et al. (1974) found that 
lead levels were roughly proportionate to traffic volume in snow 
taken from city streets and this is also reflected in data pre-
sented by Malmquist (1978), Table 1. 
The data shows that traffic volume is not the controlling 
factor below a certain level (1600 veh/day) probably due to non-
traffic related activities and sources. A linear relationship 
can be formulated using the data so that: 
Pb (~g/1 = 730 ~g/1 + 0.495 (# veh/day) (2.1) 
Zn (~g/1 = 330 ~g/1 + 0.27i (# veh/day) (2.2) 
Cu (~g/1 = 70 ~g/1 + 0.084 (# veh/day) (2.3) 
Lazrus et al. (1970) determined heavy metal concentrations 
found in .precipitatio.n collected in a nationwide network. Average 
lead loadings were related to gasoline sales in the locale of 
the sampling station. Lead loading in precipitation (g/ha/cm) 
was correlated to sale of gasoline (103 dollars) via a rand 
correlation coefficient of 0.55 at a significance level of 0.5%. 
The loading intensity of heavy metals as a function of 
traffic volume has been predicted using a linear regression analysis 
of data collected in the Washington, D.C. metropolitan area 
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(Shaheen 1975). 
A linear relationship, y = mx + b, was derived in which 
y is the predicted loading intensity (lb/mile); m is the loading 
factor (lb/axle-mile); xis the traffic volume during the period 
of depositions (axles); and b represents the contribution from 
non-traffic related activities. The value of the slope and inter-
cept are summarized for various heavy metals in Table 2. Helsel 
et al. (1979), also determined that a good non-linear correlation 
existed between concentrations of Pb, Zn, and Cr and traffic 
volume and percent impervious cover. Showing that vehicles are 
a major source of these metals and that impervious areas effecient-
ly deliver these pollutants to the drainage system. 
Heavy metals are tT~nsferred to receiving water bodies 
through a combination of mechanisms including: airborne dispersal, 
dustfall, precipitation, deposition on street surfaces with sub-
sequent entrainment and transport effected by stonmvater during 
a precipitation event. 
Heavy Metals in Wet and Dry Precipitation 
Dustfall is a measure of the particulate matter typically 
in the 20-40~ range, that falls out of the atmosphere due to 
gravity. One author found that lead loadings ranged from 0 mg/ 
m2/min. to 70 mg/m2/min. at stations measuring dustfall in the 
Seattle, Washington area (Johnson et al. 1966). Distribution 
of lead was found to bedistinct~y different from levels of other 
parameters measured. Highest lead levels were found in industrial 
Table 1 
CONCENTRATIONS OF HEAVY METALS IN URBAN SNOW 
Population Density 
Sampling Site 
Pb Zn Cu 
P/ha ~g/1 ~ g/1 ~g/1 
250 Grass Surface 250 360 50 
250 Street 7400 veh/day 2610 1030 390 
115 Grass Surface 40 50 10 
115 Street 3600 veh/day 730 330 70 
22 Grass Surface 40 60 10 
22 Street 1500 veh/day 730 330 120 
SOURCE: P. A· Malmquist, "Atmospheric Fallout and Street 
Cleaning--Effects on Urban Stormwater aila Snow, rt Progress in 
Water Technology 10 (1978): 500. 
Table 2 
Heavy Metal Loading Intensity Based on Traf fic Volume 
Parameter m b Signi f icanc e of 
(1b/axle-mile) 1b/mile Correlation 
Pb 2.79 x lo-5 - .345 < 0.1 
Cr 1.85 x lo-7 .011 < 1 
Cu 2.84 X 10- 7 .0121 < 1 
Ni 4.40 x lo-7 .00323 < 0.1 
Zn 3.5 X 10-6 .0341 < 0.1 
Cd 3.11 x lo- 8 .000909 > 10 
SOURCE: D .. G. Shaheen, Contribut·ion of Urban Road"tvay 
Usage to Water Pollution, EPA 600/2-75-004 (Washington, D. C.: 




land use areas and adjacent to major traffic arteries with the 
highest loading 71.6 mg/m2 /min. being recorded next to the 
heaviest traffic artery (30,000 ADT). Conversely, Randall et al. 
(1978) found no such correlations with respect to proximity to 
metropolitan areas or traffic lanes, although they proposed that 
metal concentrations originate primarily from the inner city 
expecially from auto emissions. 
Precipitation events which wash pollutants out of the 
atmosphere may be a more important contributor of heavy metals 
than dustfall, although significant amounts of pollutants can 
accumulate during long dry periods (Randall et al. 1978; Malmquist 
1978). Brossett (1974) found the relationshi~ between concen-
tration and precipitation volume to follow a ~egative exponential: 
y = a + becx in which y is the concentration of a given parameter 
in the rainfall, x is the volume of rainfall, and a, b, c are 
experimental coefficients. 
The relative contribution of the pollutants contained in 
precipitation to the total pollutional load contained in storm-
water runoff has not been extensively studied. One study showed 
that bulk precipitation approximated the concentrations of Pb 
and As found in stormwater, however, Fe! Mn, Mg, and Cn concen-
trations were underestimated by bulk precipitation alone 
(Barkdoll et al. 1977). The relative concentration in precipi-
tation and stormwater runoff are undoubtedly affected by the 
accumulation of solids during the antecedent dry period, soil 
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leaching, and corrosion by acid rains. 
Heavy Metals in Stormwater Runoff 
More attention has been directed to the role of the storm-
water as the contributor of pollutants to receiving water bodies. 
Information in the literature suggests that there is significant 
impact of high lead content from nonpoint sources. In localized 
situations, stormwater is a more important source of heavy 
metals than secondary effluent and runoff from a typical city 
from the first hour of 0. 5 in/hr storm would contribute- singifi-
ca~tly greater pollution load than the cities sanitary waste foL 
the same period of time (Rimer et al. 1978; Helsel et al. 1979; 
Sartor, Boyd and Agardy 1974). 
Factors influencing the concentration of pollutants in 
stormwater runoff include: length of antecedent dry period, 
intensity- of precipitation, duration of precipitation, rainfall-
runoff relationships, surrounding land use, type ofstreet sur-
face, traffic volume, street sweeping practices, percent - imper-
vious area, and basin slOilC. Larger antecedent dry periods are 
thought to cause higher concentrations due to accumulation of 
pollutants on roadway surfaces. However, pollutants are known to 
be influenced by air currents and traffic impact and may reach 
a maximum loading that doesn't subsequently increase because 
pollutants are being transported off the roadway by methods other 
than runoff. In fact, 1{hipple et al. (1978) found antecedent dry 
period was not statistically significant in predicting stormwater 
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concentration. The effect of traffic volume has been previously 
mentioned. Heavy metal concentrations have been shown to increase 
with increased impervious area and ground slope (Helsel et al. 
1979) and in urban and industrial areas. 
Association of Heavy Metals wi·th Particulates 
Higher precipitation intensity, runoff-rainfall relation-
ships, and duration of storms enhance their ability to loosen and 
transport particulates with which many metals are associated. 
Sartor, Boyd and Agardy (1974) have developed a relationship for 
particle removal, rainfall intensity and duration, 
Nc No (1-e-krt). (2.4) 
where Nc = weight of a material given particle size removed 
No = initial weight of material of given particulate size 
t = duration (hour) 
r = rainfall intensity in/hr 
k = constant depending on street surface characteristics 
and independent particle size. 
They also found loadings from asphalt st~eets were 80% 
h::lgher than from concrete streets and that significant reductions 
in loadings from street sweeping were related to the percentage 
of removal for fine particles (<43~). 
The contention that heavy metals, especially lead, are 
highly associated with fine particulates is widely supported by 
the literature. Bradford (1977) showed the highest lead concen-
trations in the solids. Peak lead concentrations were found in 
high activity residential and commercial areas in a study of 
stormwater concentrations from different land use areas (Rimer 
et al. 1978). The authors found lead levels closely correlated 
with suspended solids levels in the runoff which suggested the 
mechanism for lead removal was connected to the solids transport 
function. Their assumption was substantiated when they found 
lower suspended solids levels and resultant lower lead levels 
in the central business district even though heaviest traffic 
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was reported there. Suspended solids levels were due to street 
sweeping and less land disturbing activity. In a separate invest-
igation it was found that although <43 ~ particulates accounted 
for only 5.9% of the total solids they contained ov er hal f of 
the heavy metals. Street sweeping was found to be ge nerally 
ineffectiv e removing only 95 % of the less than 43 ~ particles 
and 52 % less than 246~ particles (Sartor, Boyd and Agard y 197 4). 
Lead levels in snow along roadways and from snow dump s 
in Ottowa revealed that only 1 % of the total lead was contained 
in the melted snow filtrate, irrespective of the concentration in 
the particulate portion. Fractionation of the particulates 
collected show that most of the lead was associated with the fine 
particles. Lead seemed to be adsorbed onto the particulates 
rather than occurring in soluble forms, even though the solubilities 
of lead halides are much higher than the concentration in the 
filtrate would indicate. To test the adsorption theory, a 10 mg/1 
lead solution was combined with 1.6 g of snow particulates. The 
concentration of lead was found to be negligible after 18 hours. 
An attempt was then made to ext.,ract lead from 29 samples of 
typical snow particulates by shaking with solutions of various 
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pH for 2 days. Less than 4% of the lead ~as solubilized indicat-
ing its strong bond to the particulate matter. 
A first flush effect similar to that for precipitation was 
reported to occur more frequently as urbanization increases, for 
extractable rather than soluble metals (Helsel et al. 1979). 
Increasing urbanization means increased impervious area leading 
to greater stormwater volumes which enhance solids removal and 
transport. However, preliminary study by Pope et al. (1978) in 
which metals concentrations were related to flow, found lead 
levels to be realitv::·,_ ... r constant during a storm event. This may 
indicate that lead particulate has a low tendency to release 
metal into solution during the fi --~t flush. They proposed that 
a critical flow is required for the removal of a particular part-
icle size with which each of the heavj metals are associated. 
They indicated that critical flow was 0.5 1/s for Zn, and Pb; 
0.03, 0.55, 1.0 and 1.0 1/s for Cd, Cr, Cu, Ni, respectively. 
Therefore, the runoff flow is a function of percent (%) - impervious 
area, grade slope, and intensity of rainfall may be a key variable 
in predicting concentrations of heavy metals in stormwater. 
The association of heavy metals, especially lead, with 
particulates and the necessity of a critical flow for their incor-
poration into the stormwater runoff suggests that the particulates 
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may precipitate out of solution at less than critical flow. This 
condition exists when runoff discharges into slower moving receiv-
ing water bodies. Higher contents of heavy metals in the sediments 
near the discharge point would then be expected; Lazrus et al. 
(1970) found that lead concentration in precipitation was twice 
that found in water column in a nationwide study pointing to a 
removal mechanism sim~lar to the one proposed here. Severe 
localized contamination of sediments were identified at the loca-
tions of snow dumping into rivers and near the outfalls of some 
storm sewers (Oliver et al. 1974) . Similarly Whipple et al. 
(1978) found heavy metals occur mainly in the particulate form 
and seem to settle out in the bed of the receiving water. Heavy 
metals were found in high roncentrations in the bottom sediments 
even though appreciable quantities could not be detected in the 
water column. 
Heavy Metals in the Sediments 
Heavy metal pollutants are transported from their origin 
to the receiving water body through the air and within ~~()rm-
water runoff. It has already been reported that these heavy 
metal pollutants occur in the dissolved form and are also heavily 
associated with particulate matter. Heavy metals are being 
introduced into the water column as dissolved ions and in associ-
ation with the suspended solids in the water column. Several 
studies have been done that help to show the distribution of 
heavy metals within the water and sediment columns. Angino et al. 
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(1974) conducted a study of the water chemistry and suspended load 
in Kansas rivers. They found that there was no relation between 
the geology of the area and heavy metals in the water and suspended 
solids and no significant correlation between the concentration 
in the water and suspended sediments. The bulk of the iron and 
manganese was found to exist in water and suspended sediments. 
Work with Cd showed that the suspended sediment could adsorb large 
concentrations of the metal ion giving it seven times more trans-
po r t capacity than the aqueous phase (Suzuki et al. 1979), based 
upon sediments from the Tama River. Similar results were reported 
for the heavy metal, chromium, in a study of the Isar River, 
Bavaria. The chromium concentration remained relatively constant 
in the dissolved phase whereas the concentration in the suspended 
solids de creased while the concentration in the sediments increased 
progressing downstream. The authors also reported that concen-
trations of iron and chromium were similar in the sediments and 
suspend~d solids (Uken et al. 1977) . The adsorption of Cd was 
found to occur onto suspended matter and settled solids, to occur 
relatively rapid, and to be a major factor controlling the con-
centration in the aqueous phase in a laboratory study of cadmium 
distribution between water and sediments. As a result of these 
studies it was suggested that the concentration of heavy metals 
in the sediments could be utilized more than at present to indi-
cate levels of heavy metals in the water column and to locate 
sources of pollution, (Gardiner 1974). This research indicates 
that heavy metals introduced into the receiving water body will 
be adsorbed by suspended and settled sediments until some equil-
ibrium value is reached with the water column and concurrently 
the suspended sediments will settle out , thus increasing concen-
tration in the sediments. 
Three separate studies based on core samples taken from 
Michigan Lakes and a California estuary show that increasing 
levels of Pb and Zn correspond to high auto traffic in the 
vicinity , increased use of fuels , and anthropogenic activity 
(Christensen et al. 1978; Iskandar and Keeney 1974; Edginton 
and Robbins 1976). Edginton and Robbins (1976) used the ratio 
210 of Pb to Pb to consider the relative contribution of atmos-
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pheric deposition and surface runoff. They found that atmospheric 
deposition was the most significant source of offshore and runo f f 
contributed the most lead to the sediments close to the shore. 
Christensen et al. (1978) showed that highest lead concentrations 
correspond with maximum grain size in sediment core s taken f rom 
a shallow river estuary in New Port , California. They f urther 
demonstrated that vertical profiles of maximum grain size followed 
the same oscillating pattern as average rainfall. Therefore the 
relationship between rainfall and runoff, with its associated 
transport of sediment and lead occurrence, was established. 
There are a number of factors that effect the adsorptive 
capacity of sediments and their concentration of heavy metals. 
The factors possibly affecting the adsorption of heavy metals 
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listed in the literature include: type of solids in the sediments, 
state of subdivision, _contact time, any complexing ligands present, 
pH, temperature, hardness, the presence of carbonates, organic 
material, and metal hydrous oxides present (Zimdahl and Skogerboe 
1977; Gardiner 1974). Hardness and the presence of carbonates 
were not shown to be major factors in the fixation of heavy metals 
in the sediments, and the time of contact and temperature were 
not addressed in the literature surveyed for this study. Several 
of the remaining factors were shown to have a definite effect 
upon, or correlation to the adsorption of heavy metals by the 
suspended solids and sediments in the water column. 
Benes et al. (1976) discovered that iron was released from 
organic complexes at pH 2-3 <).nd zinc adsorption by humus increased 
with increasing pH. Adsorption of heavy metals onto Si02, Al20 3 , 
and two soils showed that adsorption cap~~ity increased abruptly 
at pH 5-6 for Pb, Zn, Cu and pH 6-7 for Cd (Huang et al. 1977). 
This increase in adsorption correlated with the presence of the 
M+Z species and Pb and Cd were observed to be negatively adsorbed 
below this pH range. The same study also suggests that the 
presence of certain anions; humic acid, nitrilotriacetate, tartrate, 
and phosphate; affected adsorption at lower pH through complex 
formation. Investigations of the chemical contents of sediments 
have indicated that there may be a positive. correlation between 
the occurrence of heavy metals and the oxides of Fe and Mn. This 
association has been attributed to the coprecipitation of the 
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heavy metals with fresh oxides of Fe and Hn, which were reported 
to be excellent scavengers, (Angina et al. 1974) and the associ·-
ation with, or collection of hydrous oxides by organic matter 
(Zimdahl and Skogerboe 1977). 
A relationship between heavy metals and organic material 
in sediments may also exist. Suzuki et al. (1979) found that Cd 
content was proportional to the ignition loss of the sediments 
which bears some relationship to the organic content. Adsorption 
equi libria of cadmium was- found to follo\.J a Freundlich isotherm: 
qiL = 
1/n 
KILc - where n = 1.5, qiL = q/IL and IL = ignition loss. Benes· 
et a1. (1976) studied complexation of heavy metals with humus 
and found that Zn and Cu seemed to be complexed wit i:1 the humus 
whereas, correlations for other metals were not apparent. However, 
other autho r s observed that the majority of lead immobilized by 
soils is associated with organic matter (Zimdahl and Skogerboe 
1977) and humic materials appeared to be the major component of 
mud responsible for adsorption. 
Finally, evidence in the literature points to the fact 
that the majority of heavy metals found in sediments are expressed 
in the fine particles. Lead concentrations (weight percent) were 
highest in the smallest size fraction, <74~ , of some soils studied 
(Zimdahl and Skogerboe 1977). Uken et al. (1977) fractionated 
sediments into 0-2~, 2-6 .. 3~, 6.3-20)1 and 20-63ll fractions and analyzed 
for heavy metal concentrations. Highest concentrations for Cr 
and Fe existed in the 0-2ll fraction, with some in the 2-6.3ll fraction 
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and little in all other fractions. Similarly, Helmke et al . 
(1977) found the concentrations o f heavy metals in the clay 
size fraction were relatively constant for all samples in com-
parison to the concentration in the unfractionated sediments. 
However, As, Cr, Cu, Hg, Na, Pb, and Zn concentrations were higher 
in the clay size fraction, which the authors attributed to anthro-
pogenic inputs. Finally, a comparison of concentrations in the 
clay size fraction of sediment samples representing contaminated 
and uncontaminated sediments was made. The results showed that 
the clay size fraction exhibited higher concentrations for the 
contaminated sediments, whereas the concentration in the unfrac-
tionated sediments did not reflect these. 
Similarly, Rickert et al. (1977) analyzed the less than 
2 mm and less than 20 micron fraction of the sediments they 
collected. Th e highest concentrations of the heavy metals were 
found to occur in the less than 20 micron fraction and levels 
in the less than 2 mm fraction d irectly correlated to the percent-
age of less than 20 micron fraction they contained. 
Impact of Heavy Metals 
The heavy metals resulting from urban and vehicular 
activity find their way into soils and bodies of water by means 
of atmospheric dispersion, precipitation and stor.nwater runoff. 
The mode of transport is highly dependent upon the specific origin 
of the pollutant and the particle size with which it is associated. 
Particles greater than 5 microns in size settle on or close to the 
roadway and many of the particles deposited on the roadway are 
blown off the roadway by the· turbulence created by passing auto-
mobiles. The particles that settle adjacent to the roadway tend 
to be innnobilized in the soil or incorporated into the tissues 
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of surrounding plants and animal species. A study by Little and 
Wiffen (1977) using radioactive lead to prepare labeled exhaust 
aerosols showed that less than 10% of the lead emitted is deposit-
ed within 30 m of the roadway. Deposition velocities were found 
to be greater for fresh, diffused aerosols than for older aggre-
gated aerosols and velocities increased with increased wind 
speed. 
Hetal concentrations have been shown to decrease with dis-
tance fro~ the pavement and lead concentrations have been found 
to be cons i derably higher in the top 2-3 em of soil as compared 
to the subsurface ~oi1 ~ - Other metals, zinc, cadmium, and chrom-
ium, were not found to be immobilized by the soil as effectively 
aslead (Wanielista et al. 1978). The me tal concentrations found 
in soils and plants were indistinguishable from background l evels 
at 30-40 m from the roadway which agrees with the findings of 
other authors. Hassett and Miller (1977) discovered that the use 
of limestone as a road building material, causing high soil pH, 
reduced the plant availability of lead in roadside soils. Con-
centrations of Cd, Cr, Cu, Pb, Ni, and Zn in soils and pasture 
species along a highway in New Zealand revealed that the concen-
trations of all metals correlated with traffic density (Ward et al. 
1977). The source of pollutants was taken to be aerial deposi-
tion of metals from automobiles. Cadmium content of soils was 
investigated by Hosie et al. (1978) who indicated that cadmium 
concentrations decreased marketedly with distance from the road-
way. They recommended that growing of crops for human consump-
tion next to busy highways be avoided due to the accession rate 
of cadmium in soil and its high toxicity. Similar studies 
conducted with respect to lead show that crops grown adjacent 
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to highways have a high degree of contamination from exhausted 
lead . Th~ l evels being controlled by the distance from the road-
way and the traffic volume. L_ead concentration was seen to drop 
from 80 ppm at 1 m from the road to 48 ppm to 15 m and is reduced 
at distances 20-50 ~ul (NcLean and Shields 1977; Wong and Tam 1978). 
Enk and }~this (1977) looked at the occurrence of Cd and 
Pb i n water , sediments and bi0ta ~qken from Jubilee Creek, Illinois, 
a permanent stream with no direct sources of pollution. Cadmium 
concent r a t ions of 0.02 , 0.14, and 0.5-1.5 ppm were reported for 
the water samples, fish and sediments, and aquatic insects, respec-
tively. Lead concentrations were 0.5 ppm in the water, 2.6 ppm 
in the fish, approximately 8.0 ppm in the sediments, and aquatic 
insects and 13.6 ppm in snails. Mathis and Cunnnings (1973) studied 
the concentrations of selected heavy metals in samples of water, 
sediments, tubificids, clams, and fish taken from the Illinois 
River. The results of the study are presented here in Table 3. 

























































































































































































































































































































































2 to 5 times higher in the sediments than in the water samples. 
The concentrations were noted to decrease when comparing t .he 
clams, fish and water samples. A similar study examined the 
concentrations of Cr, Pb, Zn and Cu in water, sediments, and 
chironornids taken from Skeleton Creek, Oklahoma · (Narmninga and 
Wilhm 1977). Maximum concentrations of the heavy metals were 
found to occur down stream from the introduction of domestic 
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and industrial wastewaters. The highest concentrations were 
reported 50 km below an outfall discharging industrial effluents. 
Concentration factors in the chironomids based upon concentra-
tions in the sediments and water column were reported for each 
of the heavy metals. Concentrations factors of 1.1 and 546 for 
copper, 0.39 and 3000 fer chromium and 3.6 and 30,006 for zinc 
were reported based upon the sediments and water, respectively. 
Getz et al. (1977) reported h;gher lead concentrations in 
mammals living 5-10 m from Illinois interstate highways·, although 
these concentrations were not at toxic levels. Similarly, the 
impact of particulate lead has been determined in relation to 
sheep grazing adjacent to major highways. Blood lead contents 
were 0.90 mg/ml in sheep grazing near the highway as compared to 
0.20 mg/ml in a control group. Sheep that were fed uncontaminated 
forage and placed near the highway were shown to have an immediate 
rise in blood lead content. However, blood lead levels were seen 
to decrease rapidly after moving the animals to an uncontaminated 
area. Considerable accumulation of lead was found in the livers, 
kidneys, and bones of sheep exposed to highway contaminants 
(Ward et al. 1977). Baretta (1978) studied the clinical aspects 
of lead poisoning in dogs, cows, goats and horses and found that 
lead pollution of pastures and fodder near major highways was 
the main cause of animal poisoning. The average content of lead 
in fodder from unpolluted areas was 0-1.5 ppm whereas the lead 
content of plants near major roadways ranged from 100-700 ppm. 
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The study also suggested the possibility of indirect lead poisoning 
in humans feeding on meats poisoned by lead. Air and blood levels 
measured in Bangkok (Htun and Ramachandran 1977) were found to be 
similar to those in other cities. Air lead levels were a function 
of traffic volume and proximity to congested roads. High blood 
lead content and large respiratory i~take of lead are possible for 
those spending large am~unts of time next to roads, although high 
blood l ead levels were not always a direct re~ult of high air 
lead e x posure. 
CHAPTER 3 
S.AHPLING SITES AND METHODOLOGIES 
Two principle sampling sites located along Interstate 4 in 
Orange County, Florida were chosen for this study. Site selections 
were based upon the average daily traffic volume, drainage charac-
teristics and proximity to the university. The first site was 
located where Interstate 4 crosses over Lake Ivanhoe near downtown 
Orlando and the second site was located at the int2rsection of 
Interstate 4 and l1aitland Boulevard,_ referred to here.in as the 
Maitland interchange. 
Four sampling cross sections were established at each of 
the two principle sampling sites from which water, sediment, and 
biota samples were taken. Samples were collected ±.1.· u~u each loc-
ation once every three to four weeks during the period; February, 
1979 to August, 1979. A total of eigh~ sample sets were collected 
from each · ~~ ~he two principle sampling locations. 
Lake Ivanhoe Site 
Lake Ivanhoe is a 125 acre freshwater lake that is located 
just north of the downtown section of the City of Orlando, Florida. 
A section of the central portion of the lake was filled in 1965 
during the construction of the Interstate 4 and the central island 
28 
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created was connected to the northern and southern shores by 
means of two bridges. The aerial photograph in Figure l depicts 
Lake Ivanhoe after the construction was completed. The interstate 
divides the lake into a eastern and western section. The eastern 
section is bordered by Orange Avenue which fronts numerous commer-
cial and light industrial establishments. The western section is 
bordered by Ivanhoe Boulevard and is surrounded by well-established 
single family residences. The eastern section is intensely used 
for recreational activities, especially boating and water skiing. 
All of the perimeter area is tributary to the lake which receives 
stormwater runoff directly from the surrounding streets. Lake 
Ivanhoe also is interconnected with an adjacent lake to the south, 
Lake Concord, through a concrete ~ulvert running underneath 
Ivanhoe Boulevard. 
The north bridge at Lake Ivanhoe cons ~ s~s of two sections, 
one for west bound traffic and one for east bound traffic, each 
carrying three lanes of thru traffic. Both sections are 216 feet 
in length with a 40 foot roadway and 44 foot horizontal clearance. 
Water on the bridge drains toward the adjacent land on either side 
since there are no scupper drains located on the bridges. The 
south bridge also consists of two sections. The east section of 
the south bridge carrying east bound traffic has three lanes of 
thru traffic and one exit lane. This section spans 580 feet with 
52 foot roadway and 56 foot horizontal clearance. Drainage is 
facilitated by a set of 4 inch diameter plastic pipe scupper drains 
30 























































































































































































































































































































































































































































































































set on 8 foot centers running along the eastern edge of the bridge. 
The western section of the south bridge carrying west bound traffic 
has three lanes of thru traffic and t'vo lanes exiting onto Ivanhoe 
Boulevard and S.R. 50. The western bridge is 640 feet long with a 
60 foot roadway and 64 foot horizontal clearance. Two sets of 
scupper drains located on 8 foot centers drain this section, one 
set running along the eastern edge of the bridge and the other set 
running along the eastern edge of the exit lanes. The average 
daily traffic (ADT) volume, as provided by the Florida Department 
of Transportation (David Harrell 1980), is presented in Table 4. 
The table shows that traffic volume across Lake Ivanhoe was approx-
imately 45-50,000 ADT east bound and 48-58,000 ADT west bound 
during the study period. 
Sampling Stations 
The two bridges over Lake Ivanhoe were ideal for testing 
the impact of bridge runoff because the sections of the northern 
bridge contained no scupper drains, whereas the sections of the 
southern bridge contained three sets of scupper drains which dis-
charge stormwater directly into Lake Ivanhoe. Samples were taken 
from between the northern bridges, underneath two sets of scuppers 
on the southern bridges, and in the main body of the western portion 
of the lake, to serve as a control section, as depicted in Fig-
ure 2. The direct runoff samples were also collected directly 
from the scupper drains during three storm events in mid August, 
1979. 
Four sampling cross sections or sampling sections were 
established at this site, as shown in Figure 2, to determine 
the environmental impact of the two- highway bridges. Station 1 
(Sl) was located just inside the easternmost part of the south 
bridges underneath the discharge of the easternmost set of 
34 
scupper drains. Samples were collected from two differenct samp-
ling points and composited to obtain a representative sample from 
this section. Station 2 (S2) was located in between the two 
sections of the south bridge and had three difference sampling 
points from which a composite sample was obtained. Station 3 (S3) 
was located in between the two sections ofthe north bridge and 
consisted of two sampling points from which a composite sample 
was obtained. Finally, the control section (S4) was located across 
the western section of the lake between the north and south bridges 
and consisted of three sampling points from which a composite 
sample was obtained~ The control section was relocated after the 
first t,.;o months of sampling so that it ran parallel to the high-
way to try to eliminate the possible influence of the in-terstate 
which ran very close to one of the sampling points in the original 
cross section. The control section was moved a second time in July 
to the extreme western portion of the lake and then consisted of 
only two sampling points~ This change was necessitated due to a 
dense layer of algae and detrital matter which made sampling of the 
sediments almost impossible~ and the physical characteristics of 
the sediments that could be obtained were not comparable to those 
obtained underneath the bridges. 
Interstate 4 and Maitland Boulevard Interchange Site 
The Maitland interchange, located north of the City of 
Orlando, Florida, was constructed in 1976. Maitland Boulevard 
crosses over Interstate 4 by means of a bridge overpass created 
during construction of the interchange. The traffic lanes on 
~he interstate are separated by a 20 foot grassy median, as they 
Rpproach the interchange, which widens to 44 feet through the 
interchange. Stormwater coming off the interstate is delivered 
-~Jy overland flow over a good grass cover to stormdrain inlets or 
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' ~·ecei ving waters. Three borrow pits were dug to provide fill for 
the construction of the overpass, as depicted in Figure 3, and 
remain in existence serving as stormwater detention/retention 
facilities. Stormwater runo ff from the 1fuitland Boulevard br1dge 
crossing over Interstate 4 is convey ed directly off the roadway 
surface through stromwater inlet s to rulv ~ ~~ s that discharge 
directly into the ponds. The ponds are interconnected so that 
the two northern most ponds flow into the southwest pond (re f erred 
to hereafter as the west pond) when they reach a certain design 
: · ~vel. The water from the west pond flows over a wooden weir at 
its southern end which is connected to Lake Lucien by means of a 
culvertand a short, densely vegetated ditch. 
The land adjacent to the Maitland interchange is essentially 
undeveloped and in the natural state with the exception of the 
north western side which is planted in citrus groves. These citrus 
groves provide little flow to the ponds, but can contribute runoff 
to Lake Lucien by means of a canal at the northwest end of the 
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lake. Therefore, runoff to the ponds is essentially all from the 
roadway environment and flow to Lake Lucien is a combination of 
natural, highway, and citrus runoff with the relative contributions 
probably governed by the antecedent conditions and magnitude of 
the rainfall event. Lake Lucien is a 57 acre freshwater lake and 
the lack of significant development on its shores has left it in 
a seemingly pristine condition. 
The Maitland Boulevard bridge consists of two sections, one 
carrying two lanes of east bound traffic plus one exit l a ne and 
the other section carries two lanes of west bound traffi c plus one 
exit lane. The section carrying west bound traffic spans 552 feet 
with a 52 foot roadway and and 53 feet of horizontal clearance. 
The section carrying easr: bound traffic spans 534 feet also having 
a 52 foot roadway and 53 foot horizontal clearance. Traffic 
volume, as presented in Table 4 ehow.c- t-"'1at the traffic volume on 
Maitland Boulevard was approximately 11,000 ADT east bound and 
10,000 west bound during the study period. Interstate 4 has three 
lanes of thru traffic east and west bound through the }~itland 
interchange. Table 4 shows that traffic volume on · rnter ~ tate 4 
through the Maitland interchange was approximately 32-40,000 ADT 
east bound and west bound during the study period. 
Sampling Stations 
Four sample sets were collected from the ~fai tland inter-
change site on each sampling date including: one from the west 
pond, one from the northeast pond (referred to hereafter as the 








Figure 4 Sampling Sites at the Maitland Interchange and Interstate 4 
east pond), one opposite the outfall of the west pond into Lake 
Lucien, and a set from the main body of Lake Lucien to serve as 
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a control. Four sampling stations or cross sections, as depicted 
in Figure 4, were selected at this site to determine the impact 
of the highway and bridge runoff. Station 1 (Sl) was located 
across the middle of the east pond and consisted of two sampling 
points from which a composite sample was obtained. Station 2 (S2) 
consisted of three sampling points located equidistant along a 
visual line between the outfall at the north end of the west pond 
and the wooden weir at the southern end. Station 3 (S3) consisted 
of a single sampling point inside Lake Lucien immediately adjacent 
to the point at which the ditch from the west pond discharges into 
the lake. The control section (S4) was chosen along a visual 
line connecting the northwest and southeast shores of Lake Lucien 
in the main body of the lake. Three sampling points were utilized 
to obtain a composite sample from this section. 
Field Sampling Methodology 
Field measurements of certain parameters were measured in 
situ at the same time that the field samples were being collected. 
A Secchi disk depth was determined for each sampling point as a 
measure of water clarity and light penetration. Dissolved oxygen 
and temperature measurements were also taken at each sampling 
point at 0.5 m intervals from the water surface down to the bottom 
using a Yellow Springs Instrument Company, Inc. Model 54 Oxygen 
Meter, YSI 5739 DO Probe and YSI 5795 Stirrer. The DO meter and 
probe were calibrated according to. the manufacturers speci-
fications at each sampling point. 
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A complete set of samples and field measurements were taken 
at each sampling point and then samples were composited for those 
stations having multiple sampling points. Water samples were 
taken 0.5 m below the surface, 0.5 m above the bottom, and at 
middepth f~r locations that were greater than 3.0 m deep using a 
Kemmerer water sampler. The water collected was placed in a 5 
gallon plastic carboy from each sampling point and at the comple-
tion o f all the points in a given station, a 1 gallon sample was 
withdrawn and placed in an acid washed, distilled water rinsed 
1 gal lon plastic container. One 36 square inch bite of sediments 
~·. s taken from each location using an Eckmann dredge. The ser ~ ­
ments f rom each sampling point were placed in a 5 gallon plastic 
pail from whicr ::1. composite sample for each sampling station was 
analyzed . 
Benthos samples were obtained for each sampling station by 
taking 2-3 bites of the sediments at each sampling point and 
straining them through a 0.5 mm square sieve. The material that 
was retained by the sieve was placed into small plastic containers 
from which the organisms would be separated later. Plants were 
collected from each sampling point by hand or dragging the anchor 
along the bottom. At least 100 grams of plants were collected 
from each sampling point and placed in plastic bags which were 
tied up to keep the plants moist until they were reopened back at 
the laboratory. 
41 
Stormwater Sample Collection 
Samples of runoff from the bridges we~e collected in ord~r 
to provide additional information on the impact of the bridges 
obtained from the regular sampling program. Samples of runoff 
were obtained directly from the scuppers on the south bridge at 
Lake Ivanhoe. Samples were collected by placing a 4 3/4" cylin-
drical funnel over the bottom of the scupper drains which was 
connected to a 5 gallon plastic pail by a length of 5/8" I.D. 
Tygon tubing. Four of these setups were used to collect scupper 
d-o:ain runoff samples, one setup was placed at the north and sLth 
end of the two sections of the south bridges. A 2 liter sample 
was obtained from each setup after 3 separate precipitation events 
in mid August, 1979. These S.?•. \L'·l-les were prepared in the same 
manner and anal_yzed for the same parameters as the surface water 
samples. 
Sample Preparation and Analyses 
Water 
The water samples were measured to determine: pH, t-..:.~ ::.:.:..di ty, 
chlorophyll "a'', organic and inorganic carbon, nitrates, total 
and dissolved metals. The water samples were stored in 1.0 gallon 
polyethylene containers at 4°C until each analysis could be per-
formed. Turbidity, pH, and chlorophyll "a11 were always determined 
on the same day as the samples were collected. The pH of the 
water samples was measured using a Corning Model 12 Research pH 
meter with a temperature compensation probe. The pH meter was 
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cal~brated us~ng Scientific Products pH Reference Buffer Solution 
(pH 7.00-10.0) before each set of samples was measured. Turb-
idity was measured with a H.F. Instruments Model DRT-150 Nephelo-
metric Turbidimeter which was calibrated using a 0.12 JTU standard 
supplied by the manufacturer. 
Chlorophyll "a" was determined from the calibration curve 
using a Turner Model III Filter Fluorometer. The calibration 
curve, which appears in Figure 5, was prepared by calculating 
chlorophyll "a" concentration in water san:l? les by the trichro-
matic spectrometri. ~ acetone extraction method as desribed in 
Standard Methods for Examination of Water and Wastewater, Four-
teenth Edi t ion, 1975 and comparing these to relative fluorescence 
values. ~-~lbrations were made using the lx and 3x fluorometer 
ranges which yielded virtually identical results. Carbon was 
measured using the ':'":'~~ .- Jtion-infrared analysis technique with 
a Beckman Model 215A Infrared Analyzer. Both total and inorganic 
carbon lvere measured and organic carbon \vas tak en to be t he 
difference between the total and inorganic carbon. Ten and 50 
mg/1 sodium carbonate solutions were used qs the standards for this 
determination. 
The Orion Model 93-07 nitrate ion electrode in conjunction 
with an Orion Model BOlA Digital Ionalyzer was used for the 
determination of nitrates in the water samples. The nitrate-
nitrogen levels were generally less than 1 ppm so the low level 
technique as described by Orion in the ion electrode manual was 
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FLUORESCENCE (RELATIVE TO 3x SCALE) 
Figure 5 Relative fluorescence vs. chlorophyll "a" 
concentrations 
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caused an overestimation of nitrate-nitrogen of up to 0.40 
mg/1 per mg/1 in spiked lake water samples above 0. 5 mg/1. The 
substitution of the high level ion strength adjustor was shown 
to reduce the error in the same samples to less than 0.5 mg/1 
per mg/1 up to concentrations of 2 mg/1. The calibration curve 
of these determinations appears in Figure 6. 
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The water samples were also prepared for total and dissolved 
metals determination in accordance with the procedures outlined 
in Standard Methods. A blank for each of the two determinations 
was also prepared using an equivalent amount of glass distilled, 
deionized water and nitric acid to that used in the procedure for 
~he raw water samples. The blank reading was subtracted fr~- \ 
each sample to obtain its pr ,.:Jper concentration. The solutions 
were analyzed for lead, chromium, zinc, cadmium, nickel, copper, 
arsenic, phosphorus, magnesium, iron and calcium using the Spect-
rospan III Plasma Emission Spectrophotometer. 
Plants 
Treatment of the ;;l a nt samples was begun within one working 
day after the samples were collected. The plant samples were 
stored in sealed plastic bags with sufficient water in them to 
keep the samples fresh for several days. Approximately 100 grams 
of the plant material of each type and location was removed and 
cleaned using tap water to remove dirt and grit from the sample. 
The sample was then rinsed with distilled water and shaken to 
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Figure 6 Typical nitrate nitrogen standard curve using an 
Orion Model 93-07 Nitrate Ion Electrode 
in an evaporating dish in a 103°C oven for drying. The samples 
were removed after 12-18 hours, allowed to cool and then re-
weighed to determine the water content. A 2.5-3.5 gram sample 
of dried plants was then placed in a tared crucible which was 
placed in a 550°C muffle furnace for 12 hours after which the 
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ashed sample was then reweighed. The samples were then prepared 
for metal analysis by dissolving the ashes in 4 ml of nitric 
acid, to which 20-30 ml of glass distilled, deionized Y.Jater was 
added.. The resultant solution was filtered through a 0.45 micron 
filt:er and diluted to a total volume of 50 ml in a volumetric 
flask. 
Sediments 
The sediments "".vere prepared for metal analysis in . a 
similar fashion to the plant samples. An evaporating dish was 
filled with the wet sediments and placed in a 103°C oven for 
approximately 12-18 hours. The dried samples \vere then weighed 
to determine the water cont ent. A 40-70 gram portion of the 
dried sediments was placed in a crucible to be ashed at 550°C 
for 12 hours. The ashed sediments were removed from the furnace 
cooled to room temperature and then reY.Jeighed to determine the 
percent loss on ignition. Two 2.5-3.5 gram samples were with-
drawn from each crucible and placed in separate 100 ml pyrex 
beakers that had been washed in 20% nitric acid and rinsed four 
times with glass-distilled, deionized water. Ten mls of nitric 
acid was added to each beaker which was refluxed with a watch 
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glass over the top for 45 minutes. Afterwards 10-20 mls of glass 
distilled, deionized water was added to each beaker and the con-
tents were filtered through a 0.45 micron filter. The filtered 
solution was then diluted with glass-distilled, deionized water 
in volumetric flask to bring the total volume to 100 ml~ 
Benthos 
The benthos samples from the field contained varying 
amounts of sed ~.ments and plant material from which the organisms 
needed to be s ~:l_)ara ted. The use of rose bengal solution to dye 
the organisms t12lped in the separation process which was done 
by hand. After the organisms had all been remo•_· ~ , 1 from the 
sample they we1 - separated according to phylum and/ or class, 
counted and weighed. Each different type of organism was placed 
in a separate crucible and ashed in the furnace as above at 550°C 
f or a per i od of 8-12 hours . The ashes were then dissoLved in 
2 mls of nitric acid to which 10-20 mls of glass distilled, 
deionized water was added and then the contents were filtered 
through a C. micron filter. The filtered solutions were then 
brought to 50 ml total volume in a volumetric flash. Where 
mollusks and gastropods were collected the shells were removed 
so that only the viscera would be ashed and analyzed for metal 
content. 
Metal Analysis 
All the samples that were prepared for metal analysis as 
48 
described above were placed in either nalgene Tripour 100 ml 
beakers or plastic beakers and covered with Parafilm for storage. 
The solutions were stored in the dark at 4°C until the metal 
analysis was performed, usually less than one week elapsed be-
tween the time the samples were prepared and analyzed. All 
samples were analyzed to determine the concentration of the 
following elements: lead, chromium, zinc, cadmium, nickel, 
copper, arsenic, iron, phosphorus, magnesium, and calcium. The 
analysis was done for all the elements simultaneously using the 
multielement cassette on a Spectrometries Inc. Spectrospan III 
Plasma Emission Spectrophotometer. The instrument was standard-
ized using prepared standards and the standard was run every four 
to six samples to check for any changes in standardization. The 
machine was resta~dardized any time the standard value of any 
metal was in error more than 5%. The blank used to calibrate 
the spectrometer was plain glass-distilled deionized water that 
was used to prepare the standards. A blank was also prepared 
for each type of sample, water, benthos, plants, and sediments, 
using equal amounts of glass-distilled, deionized water and nitric 
acid to that used in preparing the samples. The readings from 
the measurement of the blank were subtracted from the sample 
reading to obtain the sample concentration. 
CHAPTER 4 
EXPERIMENTAL RESULTS FROM 
LAKE IVANHOE AND INTERSTATE 4 
Data were collected from the Lake Ivanhoe sampling site 
during the winter, spring and summer of 1979 to provide infor-
mation relating to the effects of highway bridge runoff . Samples 
o f water, bottom sediments, plants, and benthos were taken from 
several sampling points and analyzed for numerous parameters, 
espt::L: .ially h eavy metals. The dat.a is presented in tabular form 
~ ~ the appendices and will be pr~sented here in narrative fo~. 
Samples were taken from between the porthern bridges, under-
neath each set of scuppers on the southern bridges, and in the 
main body of the western portion of the lake, to serve as a con-
trol. Three direct runoff sample sets were also taken directly 
from the scupper drains during three storm events in August. 
Field Measu rements 
Dissolved oxygen and temperature profiles measured at 
each station in Lake Ivanhoe are presented in Appendix C-1. The 
water depth varied from 1.0 to 2.0 meters at Sl, 2.0 to 5.0 meters 
at S2, 1.5 to 2.0 meters at S3, and 3.0 to 5.0 meters at S4. 
Temperatures ranged from 14.8 to 35.0°C on the bottom and 15.5 to 
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35.5°C at the surface from February, 1979 to August, 1979~ The 
temperature generally decreased with depth, but a typical thermo-
clina did not exist. Selected temeprature and DO profiles are 
presented in Figure 7. Higher water temperatures and lower dis-
solved oxygen (DO) were noted during the summer months as compared 
to the win.ter months. DO concentrations at the surface were 
always at or near saturation, but declined rapidly in waters 
deeper than 4.0 meters during the summer months. 
Water Samples 
~"later quality parameters that were measured for each water 
sample included: pH, turbi.di ty, TOC, i.~t ry;::-ganic carbon, chloro-
phyll " ",. nitrates, total phosphorus, calcium and magnesium. 
In general, little variation from station to station was exhibited 
by these water quality parameters on a given data. The pH recorded 
for all the stations ranged from 7.17 to 8.94. Turbidity shows 
slightly more variation between the stations on a given date with 
values lying between 4.0 and 21.0, averaging approximately 6.0 for 
the study period. The average total organic carbon concentratiotJ. 
ranged between 8.6 and 9.84 exhibiting a standard deviation of 
1.9 mg/1 and the inorganic carbon showed little variation between 
stations with average values ranging from 24.1 to 24.3 mg/1. Chlor-
ophyll "a" measurements varied according to both station and date 
with values of 7.8 to 28.5 mg/1. The lowest values were found 
underneath the south bridges, 14 mg/1_, and the highest average 
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Nitrate concentrations ranged from 0.26 to 4.27 mg/1 with 
the lowest average value of 0.64 being recorded underneath the south 
bridges and the highest value of 2.06 mg/1 found for the control 
section. The standard deviations ranged from 0.35 to 1.9 mg/1. 
Average total phosphorus concentrations centered around 0.110 mg/1 
with a standard deviation of Q-.035 to 0.099 mg/1. Calcium and mag-
nesium showed the smallest differences between stations with the 
average concentrations ranging from 41.3 to 41.7 and 4.3 to 4.4 mg/1 
f or calcium and magnesium, respectively. The standard deviations 
were approx imately 5.7 mg/1 for calcium and 0.55 for magnesium. 
Heavy Metals in Water 
The concentrations of the various heavy metals meas 1red are 
presented in tabular form in Appendices A-2 to A-5. These tables 
show that the average values of each of the parameters · are all 
similar for each of the stations ana in fact differ by only 
a very small percentage. Arsenic did show sl.ightly more variation 
between stations with average values ranging from 35 to 83 ~g/1 total 
As. Similarly the dissolved metal concentrations shov.~ , :. ...:..-Jme vari-
ation between stations ranging from 23 to 70 ~g/1. Cadmium concen-
trations were quite low and showed little variation between stations 
with average values ranging from 2 to 4 llg/1 total Cd with the 
dissolved fraction accounting for approximately 64%. Copper concen-
trations averaged from 68 to 83 ~g/1 total Cu of which an average of 
40% was dissolved copper. 
The metals most often associated with highway runoff are Zn, 
Cr, Pb, Fe, and Ni. Of these heavy metals, total zinc and total iron 
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concentrations showed the greatest variation between sampling stations. 
Total zinc concentration was lowest at 75 llg/1 for Sl and highest at 
126 \.lg/1 for S2. Dissolved zinc concen.trations for the four stations 
fell between 30 and 69 llg/1 thus accounting for approximately 55% of 
the total concentrations. Total iron reported ranged from 174 at 
station 53 to 210 llg/1 at station S2 with the dissolved metal 
averaging 50 to 80 }.Jg/1 Fe, Lead, nickel, and chromium concentrations 
showed little, if any, real differences betwe,en each of the four 
stations. Total lead aver.~ged between 72 and 78 llg/1 for each of the 
stations with 46 to 61 llg/ 2. dissolved lead. Ta.t:al nickel ranged from 
11 vg/1 at Sl and S2 up to ~-8 llg/1 at S3 and S4. The dissolved 
nickel concentrations showed considerably greater variatio . .- ·.- _Jm 3 to 
15 llg/1 or 27 to 83% of the .. total nickel concentration in solution. 
Chromium concentrations. showed little variation between stations 
with average total chromium concentrations of 13 to 15 llg/1 of which 
5 to ,., .··&1 1 or roughly 44% of the total was in the dissolved form. 
Scupper Drain Runoff Water 
Several SCliilples of runoff water were taken directly from the 
scupper drains on the southe-.:-n bridge at Lake Ivanhoe and represent 
a composite sample for each of the three storm events sampled in mid 
August, 197~. A total of 11 separate runoff samples were collected by 
taking samples from four different drains during each storm event. 
The results of the analys.is of these samples are presented in Appen-
dices J-1 and J-2. 
The average pH of the runoff water ranged from 6.9 to 7.2 at 
each of the sampling points. Individual turbidity measurements ranged 
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from 12.0 to 82.5 JTU's with the average values reported for each 
sampling point being 25.2, 49.2, 27.0, and 31.3 JTU. Nitrate-N coR-
centration averaged between 2.93 and 5.1: mg1l with corLesponding 
standard deviations ranging from 0.9 to 2.7 mg/1. Phosphorus concen-
trations ranged from 160 to 1220 ~ g/1 total P with an a v erage of 426 
and the dissolved phosphorus concentrations ranged from below detect-
able limits to 137 ~g/1 with an average of 67 or approx imately 16% of 
the total phosphorus in solution. Calcium concentrations ranged from 
25.1 to 53.8 mg/1 with an average concentration of 38.1 and magnesium 
concentrations fell between 0.49 ·and 2.8 mg/1 av eraging 1.06 mg/1. 
Total arsenic in the runoff averaged 58 ~ g/1 with 86% of the 
total in the dissolved form. Total copper concentrations ranged 
between 32 and 101 ~g/1 averaging 52 with an average of 60% occuring 
in the dissolved form. Total cadmium concentrations wer e extremely 
low in the range of 3 to 9 ~ g/1 averaging 5 ~ g / 1 with 20 % in the 
dissolved form. Chromium concentrations were also low f alling in the 
range of 3 to 27 ~g/1 averaging 11 ~ g/1, 20 % in the dissolved f orm. 
Nickel concentrations fell in a larger range f rom a low o f 13.0 to 
a high of 261 ~g/1 with the average for all the samples being 53. 
The majority of the nickel was in the dissolved form which 
accounted for an average of 92% of the total nickel concentration. 
Total zinc concentrations varied from 0.23 to 1.12 mg/1 with an average 
of 0.50, 67% of which was in the dissolved form. The largest concen-
trations of the heavy metals were recorded for iron and lead. Iron 
concentrations ranged from 0.51 to 6.85 mg/1 averaging 2.43 mg/1 most 
of which was in the suspended form, only 12% on the average was 
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dissolved iron. Only 12% of the total lead content on the average 
was in the dissolved form also indicating that the lead load was 
mainly associated with suspended particles. The lead concentrations 
exhibited were the highest of the toxic heavy metals analyzed. The 
concentration of lead in the samples ~anged from a low of 0.69 to a 
high of 3.25 mg/1 averaging 1.56 mg Pb/1. 
Bottom Sediments 
Bottom sediments were collected from one to three sampling 
points at each sampling station from ..-.vhich a composite sample for 
the station ~3s obtained. The sedime;1ts were analyzed to determine 
the moisture content, percent loss on ignition or volatile fraction, 
calcium, magnesium, phosphorus, and various heavy metal concentrations. 
Thest= Iindings are presented in Appendices A-6 thr~ugh A-11. 
The characteristics of the sediments, water content and loss 
on ignition a:.. . ..... uvwn in Appendix A-10. Values of the water content 
ranged from 25.1% up to an unusually high value of 90.8% determined 
for the main body of the lake. The water content of the sediments 
below the south bridges was 47.2 .:~~ 45.9% for stations Sl and S2 with 
standard deviations of 10.4 and 8.7. Indicating these sediments were 
quite similar in character. The sediments below the north bridges 
had a water content of 38.6 and a corresponding standard deviation of 
10.8. Individual measurements of the water content of the sediments 
from S4, the control station, ranged from 32.8 to 90.8% with an 
average and standard deviation of 64.8 and 21.8%, respectively. The 
data shows that the sample set from the control section was heter-
ogenous in nature and in fact the samples were taken from three 
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distinct areas in the section of Lake Ivanhoe west of the highway 
bridges. Also it was noted that the water content and loss on 
ignition were significantly different from those of the sediments 
found underneath the bridges . and ther·efore might not be comparable. 
Appendix A-10 shows a station S5 which was created for the pur-
pose of statistical comparison by using the data from the control sec-
tion minus the three values from the second cross section. The 
average water content of the control section SS was 52.8% with a 
standard deviation of 16.7 both of which were higher than for the 
other s t ations underneath the bridges. Still this new sample set was 
more amenable to comparis~n of values between stations. 
The measurements of the volatile f ·Iact.ion or percent loss on 
ignitio.:: :. also varied over a wide ra~0~ from 0. 84 to 37. 8 %. The 
values for station Sl and station S2 av~raged 3.65 and 3.21% loss with 
standard deviations of 2.81 and 1.57. The values for the sediments 
collected from under the south bridge s were quite close indicating 
their homogeneity . The percent loss on i gnition for the sediments 
under the north bridges was lower, the average for these sediments was 
2.14% with a standard deviation of 1.94. The heterogenous nature of 
the sediments taken from the control section is also exhibited by the 
values of the % loss on ignition. The measurements ranged from 1.42 to 
37.8 averaging 12.1% with a standard deviation of 12.6. These findings 
show that the organic fraction of the sediments from the control sec-
tion were four to five times that of sediments beneath the bridges. 
The average and standard deviation of these measurements were computed 
without the use of the three values from the second cross section. The 
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revised average and standard deviation for SS were 4.12 and 2.48 
which were quite similar to those for the other cross sections under-
neath the bridges. 
The chemical constituents measured in the sediments are pre-
sented in Appendices A-6 through A-9. The tables show that the 
highest average phosphorus content was found in the control station . . 
The concentration of ·phosphorus was 1610 for this station as com-
pared to 776, 833, and 624 lJg/g dry weight for stations Sl, S2, and 
S3. The averages and standard deviations for - the calcium concentra-
tions found for stations Sl through S4 were 5362, 4157, 2379, and 
6770 ~g Ca/g dry weight and 1892, 1572~ 1130, and 6729, respectively. 
The large standard deviation of calcium concentration for th~ 
control - ~ion, 6729, indicates that these sediments were very 
heterogenous in nature. The average magnesium concentration in the 
control station 970 lJ g Mrs/g dry weight of sediments was four to five 
times the concentrations cited for the other stations; 204, 182, and 
93.7 ~ g/g dry weight for stations Sl to S3. The values of the concen-
~rations of magnesium in the sediments collected below the north 
bridges were slightly lower than the sediments below the south bridges 
similar to the phosphorus and calcium concentrations. 
Heavy Metals in Bottom Sediments 
The results of the heavy metal analysis of the bottom sediments 
from Lake Ivanhoe are presented in Appendices A-6 through A-9. The 
concentrations of cadmium were quite low in all cross sections ranging 
from below detectable limits to 2.3 llg Cd/g dry weight. The average 
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concentrations of cadmium in the sediments were 0.502, 0.483, 0.276 
and 0.887 ~g/g dry weight for stations Sl through S4. Arsenic 
concentrations were higher with average concentrations ranging from 
3.08 to 16.00. Significant copper concentrations were found in all 
the sediments analyzed ranging from 7.84 up to 728 llg/g dry weight. 
The averages recorded for stations Sl through S4 were 63.7, 80.1, 
29.2, and 222 ~g Cu/g dry weight. The standard deviations show that 
sediments in stations Sl and S2 are quite similar while the sediments 
in the other stations exhibit a distinctly different amount of vari-
ation. 
The heavy metal nickel is frequently mentioned in respect 
to heavy metal pollutants found in highway ru11.urf, however relatively 
small concent.rations of this metal were i ' - ~ acted in the sediments. 
Average concentrations of 12.4 and 12.0 ~g Ni/g dry weight were found 
for S4 and Sl while lower concentrations of 7.15 and 2.~0 were 
detected for S2 and S3. Individual zinc concentrations fell between 
14.9 and 285 ~g Zn/g dry weight of sediments averaging 98.8, 96.9, 42 
and 117 in the sediments of stations Sl to S4, respectively. Average 
chromium concqntrations were determined to be 20.5 and 23.9 underneath 
the south bridges, 11.0 underneath the north bridges, and 77.1 in the 
control section. Standard deviations of these metals were generally 
greatest for the control station reflecting the heterogenous sediment 
sample taken for this station. 
The heavy metal iron is often associated with urban and 
highway runoff while also naturally occuring in the environment, 
especially in sedimentary materials, and is therefore not always a 
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strict indicator of highway runoff pollution of the sediments. Most 
of the iron concentrations were spread over a large concentration 
range from 186 to 4543 ~g Fe/g dry sediments. The average concentra-
tions of iron for stations Sl through S4 were determined to be 1819, 
1689, 64 3:. and 17 88 pg I g dry weight. Lead is one .of the most import-
ant indicators of highway runoff because it is one of the primary 
constituents of regular gasoline. The average lead concentrations 
calculated for each of the stations were 386, 423, 132, and 206 l.J.g/g 
dry weight of sed.iments at Sl, S2, S3, and S4, respectively. 
Individual values of the lead concentra~ion ranged from 20.0 in the 
control station to a high of 869 in between the south bridges (S2). 
Average values of the water content, loss on ignition, Zn, 
Cd, A· ,,.;_, Cu:t Cr, Ca, Mg, and P were highest in the sediments of •· l.,o 
control section (S4), intermediate underneath the south bridges, Sl and 
S2, and lowest under-oath the north bridges. Lead concentrations in 
the sediments from underneath the south brdiges were nearly double the 
average concentration for the control station and the concentration in 
the control section was nearly double that found underneath the north 
bridges without the scupper drains. Several factors including the 
distribution of sediment particles, moisture content, ignition loss, 
and age of the sediments doubtless influence heavy metal concentration. 
The less than 105~ fraction of the sediments was analyzed to determine 
the heavy metals associated with the finer particles, purported to be 
the primary site for adsorption. The results of this analysil? are 
presented in Appendix A-11. 
The concentrations shown in Appendix A-ll show that the same 
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pattern noted earlier holds true for the loss on ignition Zn Cr Cu , , , , 
Cd, As, Ca, and P concentrations in the less than 105 micron fraction 
of the sediments. The notable exceptions here are lead, iron, and 
nickel. Nickel conentration was greatest in station Sl (41.0 ~g/g), 
almost the same for stations S2 and S4 (33.7 and 32.0 lJg/g), and 
considerably lower in the sediments underneath the north bridges (S3), 
14.7 ~g/g. Iron exhibited a similar trend with t he i . es co ce-
tration, 3900 llg/g, detected at station Sl, int.ermed"a ·e 
t~uns of 3191 and 3350 11g/g, being reported for sta · s 
th-...! lowest concentration appearing in the sedime , t:s 
ncrth bridges, 1889 llg/g. Lead concentrations fo 1 
different pattern. The highest le~~ concent ratio 9 
se·_Jnd highest lead concentrat-~. '"'Tl of 827 ll g/ g were fo 
sediments below the south bridges with scuppers, Sl a d S2. _ e 
concentration of l ead under the north bridges without scupper rai s 
was much less at 491 11g/g and lowest lead concentration was found in 
the control section, 355 ll g/g. 
It can be noted from the appendix that the loss on ignition or 
volatile fraction of the sediments collected between the south bridges 
with scuppers (S2) and between the north bridges without scupers (S3) 
are quite similar at 7.6 % and 6.9 %. This should help to eliminate 
differences in concentration that might · occur due to the increased 
adsorption capacity and metal concentration of the organic matter. 
The appendix shows that for all the parameters measured the con-
centrations in the sediments underneath the bridge with scuppers, S2, 




Samples of several plant species were collected as part of the 
sampling program. Initially Hydrilla samples were collected from all 
four sampling stations and Typha (cattails) were collected from the 
control station and inside the south bridges, Sl and S4. Halfway 
through the sampling program a weed eradication program was under-
taken and the Hydrilla were eradicated. It was noted that Spirogyra, 
a filamentous macro-algae, could be found in all the segments and 
sampling of this species was initiated after the Hydrilla was 
removed. 
Hydrilla samples were collected starting in May rather than in 
February from the control section because they were not present in the 
original section. The physical characteristics of the plants are 
presented in Appendices D-2 and D-3. The percent moisture ranged over 
a small range from 86.8% to 95.5% for the Hydrilla. The average 
percent moisture for each of the stations· were qu~te similar ranging 
from 90 to 94% with corresponding standard deviations of 1-4%. The 
percent loss on ignition values fell between 66.1 and 93.9%. The 
average values for the stations Sl to S4 were 75-81% with the 
standard deviations of 5-14% showing good uniformity between stations. 
Spirogyra samples were collected for all stations in July and 
August and from some of the stations in May and June of 1979. 
Appendix D-2 shows that percent moisture ranges from 80 to 91 percent 
with the average value showing little variance between stations ranging 
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from 83% to 85%. Percent loss on ignition values fell between 79% and 
95% with the average values for each station being very similar 
ranging between 83% and 89%. 
The percent moisture content of the Typha samples averaged 
84 and 88 percent with standard deviations of 6.8 and 5.3 percent 
for stations S4 and Sl, respectively. Percent loss on ignition 
ranged from 80.38 to 93.73 percent with the average values being 
90.6 and 88.4 percent for stations 84 and Sl. Generally speaking, 
these parameters .showed that plants samples taken from the control 
and inside the south bridges to be quite similar in nature. The 
results of the me~als analysis of the Typha samples are presented in 
Appendix D-1. Average concentrations of Mg, Ca, :::!~~ .t' were almost 
identical for the ~wo stations at 1.9, 15, auQ l.5 ~g/g dry weight 
of plants. Concentrations of the heavy metals were also quite similar 
for both stations, however, all the values except one were higher for 
the samples collected from inside the south bridges, although these 
differences are generally quite small. Average concentrations of 
Pb, Cr, Ni and Zn for the two stations were approximately 23, 3.0, 2.0 
and 22.0 1.1g/g dry weight, respectively. Iron concentrations showed 
some differences between stations averaging 63.9 ~g/g dry weight 
inside the south bridges and 55.9 in the control section. 
The elemental analysis of the Hydrilla samples shows Mg to be 
fairly constant in all four stations around 5.0 llg/g. Average 
phosphorus concentrations also fell within a small range of 1.8 to 
4.5 ~g/g. Cadmium concentrations were quite low and showed little 
variation falling between 1.2 and 2.0 ~g/g dry weight of plants. 
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Concentrations of the other parameters varied more widely between the 
four sampling stations. The highest average Zn, Ni, Cu, and Pb c-on-
centrations of 333, 32.9, 140 and 248 11g/g, respective"ly, were 
found between the south bridges. The highest iron concentration of 
798 lJ.&/g dry weight was found bewteen the south bridges and the highest 
average concentration of Cr, 122 11g/g, was found between the north 
bridges. The chromium values for this station, however, do contain 
an anomalous value of 333 JJg/g whose elimination would make the average 
concentrations similar to the other stations. Lowest average concen-
tration of Fe and Cr which were 541 and 17.4 llg/ g were. reported for 
the control station . Lowest average concentrations of Zn, Ni, Cu, and 
.t'b were 229, 12, 107, and 127 1-1g/g dry weight of plants, re!:-r-.::_~tively, 
occurring in between the north bridges, 53. Examinatio::-\ ..... -E Appendix 
D-1 shows all the heavy metal concentrations, except chromium, to be 
higher iT' ._he _!iydrilla samples collected in between the south bridges 
with scupper drains (S2) compared to those collected beneath the 
north bridges without scuppers (S3). 
Spirogyra samples had average phosphorus and magnesium concen-
trations ranging from 2.9 to 4.7 lJg P/g and 1.7 to 3.2 11g Mg/g. 
Highest average concentrations of Cd, Zn~ Ni,. Fe, Pb, and Cr, which 
were 7.9, 188.5, 25.8, 1920, 375, and 46.0 ).lg/g dry weight of plants, 
respectively, were found in the two stations underneath the south 
bridges, Sl and S2. The lowest average concentrations of Cd, Zn, Ni, 
and Pb; 0.60, 91.6, 17.1 and 133.8 1-1g/g dry weight; were reported for 
the control section, S4. Lowest average concentrations of Fe and Cu 
of 862 and 29 )lg/g were recorded for samples taken underneath the 
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north bridges, S3. Generally, average concentrations of Cd, Zn, Ni, 
Fe, Pb and Cr were higher and in some cases almost double in between 
the south bridges with scuppers, Sl and S2, as compared to samples 
taken between the north bridges without scupper drains. 
Benthic Organisms 
Sediments were obtained from each sampling point for the pur-
pose of determining the benthic organims present. Data were 
collected to reflect both the distribution of the organisms collected 
and the heavy metal content of these organisms to see if the impact 
of the stormwater runoff on the benthic community, if any, could be 
elucidated. 
The organisms collected came from thr ee major phylums, Mollusca, 
Annelida ; and Arthropoda, and the· density of these organisms in terms 
o f number per square meter is presented in Appendix E-2. The table 
indicates that no organisms were collected in the first two months 
of sampl ing in February and March of 1979. The greatest population 
density of mol luscs was found in section S3, 61.0 organisms /m
2
, and 
no organisms were found in section S4 the control. The average 
population density underneath the south bridges was essentially the 
2 same for both stations around 11-12 molluscs per m . The largest 
number of annelids was found in the control section although this 
represents only one sampling period. An average of 7-8 organisms 
per m2 were found in the other three cross sections which were located 
underneath the bridges. No arthropods were collected in cross section 
Sl and on.ly an average of 2.0 /m2 was seen at the other station 
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underneath the south bridges, S2. Higher average population density 
of the arthropods were found underneath the north bridges, 264 
organ.ismsfm2, and in the control station, 60 organisms 1m2. 
It can be noted from Appendix E-2 that the standard deviations 
and ranges for most of the stations and organisms listed are 
relatively large. One factor responsible was the appearance of 
organisms in a particular sampling station for only one sampling 
period. This is especially true of the control station whose location 
was shifted three times during the sampling program. Also there 
were differences in the compositio~ of the bottom and of_ the depth 
between the control portion of thE lake and the area underneath the 
bridg.::::::: . In general, the bottom of the control station was greate r 
~"? .... ~ two meters and composed of un .-- _,nsolidated detrital materjaJ 
whereas the bottom underneath the bridges was usually less than two 
meters deep and sandy. 
The standard deviations and the . ranges for the concentrations 
of the heavy metals in the annelids and the crustaceans are quite 
large in most cases due to the extremely small sample available for 
analysis. Some ashed weights were less than a milligram total weight 
and this produced heavy metal concentrations close to the detection 
limits. The error was compounded when these values were converted 
to a per weight basis by dividing by the sample weight. Extreme 
variations in the concentration of a given parameter for the same 
station and organisms on different dates is due in large part to the 
variations in the sample weight used for analysis rather than vari-
ations in heavy metal content of the organisms with time. 
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Gastropoda (snails) samples were obtained from stations Sl 
through S3. The analysis revealed that the concentrations for all 
the stations were quite similar for each parameter. The samples 
taken underneath the south bridges did, however, vary from the 
samples taken under the north bridges, section S3, in some cases. 
Zinc concentration was higher under the north bridges, S3, at 26.9 
~g/g compared to 9.2 and 5.8 ~g/g under the south bridges, Sl and ~2. 
Magnesium and calcium concentrations of 0.86 and 13.1 J.lg/g from the 
north uridges were slightly higher than concentrations found for 
Sl an . . S2. Other parameters were somewhat higher in the organisms 
colle-~ted under the south bridges with the scupper drains. Most 
notably lead which was 41.4 and 30.1 1'g: g for Sl and S2 as opposed 
to 21 _ 11g/g dry weight of organj «?TTl .for 53. Cadmium concentratic· .. 
averaged 0.40 and 0.39 under the south bridges, Sl and S2, and 
0.18 under ·the north bridges, S4. 
Crustacea samples were obtained from the control station, 
under the south bridges and under the north bridges. Concentrations 
of most parameters varied over a wide range and the standard deviations 
were high relative to the mean making comparisons difficult here. 
Average concentrations varied between 53.6 and 92.3 ~g/g for lead 
and 510 and 2589 ~g/g dry weight for iron. Average chromium concen-
tration in the crustaceans was lowest in the control at 25.0 'IJ.g/g 
dry weight and 28.4 under the north bridges, S3, and highest at 71.4 
lJ.g/g underneath the south bridges, S2. 
Pelecypoda samples (freshwater mussels) were collected at all 
the stations, although only one sample was collected from each of 
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the stations under the south br.idges, Sl and S2. The highest concen-
trations for cadmium, 2.8 11g/g , nickel, 12.4 ]Jg/g, lead at 194 
~g/g and chromium, 24.5 ~g/g dry weight were reported in the control 
section. It should be noted here that these values represent only · a 
single sample. The highest concentrations of zinc and iron, 39.3 and 
593 llg/g, respectively, were reported from station Sl. The control 
station had the lowest concentrations for these same parameters with 
the concentrations of zinc and iron being 24.9 and 129 ~g/g dry weight 
of organism. The lowest lead concentration of 25.1 11g/g dry weight 
was found in the mussels collected from the sediments beneath the 
north bridges, S3. 
A limited num'i.Jt;; :c of Tubifex samples were collected from each 
of the four sarr - · ,~ stations. Average zinc conce .. ttrations varied 
the most ranging from 69.1 in the control section to 1667 ~ g/g dry 
weight under the north bridges . Lead concentrations also varied 
considerably from below detectable limits at station Sl to 163 ]J g/g 
dry weight under the north bridges, S3 . The highest concentrations 
of copper and iron were also detected under the north bridges. 
Concentrations of the other parameters at each station are listed in 
Appendix E-1. 
Appendix E-1 also presents the results for samples of annelids, 
hirudineans, and planaria which were collected. Unfortunately these 
values represent single samplings at each of the stations and no 
averages could be calculated for the concentrations. These values 
are mentioned here only in passing and their scrutiny are left to 
the reader. 
CHAPTER 5 
EXPERIMENTAL RESULTS FROM 
INTERSTATE 4 AND THE MAITLAND INTERCHANGE 
Data were collected from the Maitland interchange sampling 
site during the winter, spring and surmner of 1979 to provide 
information relating to the impact of highway and bridge runoff and 
the effectiveness of borrow pits used as retention/detention ponds. 
Samples of water, bottom sediments, plants and benthos were collected 
from several sampling points and analyzed to determine the concentra-
tions of selected parameters, especially heavy metals. Samples were 
collected from the east pond, west pond, outfall of the west pond 
into Lake Lu.cien, and a control section located in the main body of 
Lake Lucien. 
Field Neasurements 
Dissolved oxygen and temperature profiles measured in various 
selected stations at the Ivfaitland interchange sampling si.te are 
presented in Appendix C-2. Water depths varied bet,1een 1.0 and 3.0 
meters at Sl, 1.5 to 2.0 meters at S2, 0.5 to 2.0 meters at S3, and 
4.0 meters to 6.0 meters at S4. Water temperatures on the bottom 
varied from 13.0° C in February, 1979 to 29.5° C in June, 1979. 
0 
Surface water temperature was noted to vary from 16.0 C in February, 
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1979 up to 30.0 C in August of 1979. Generally, a slight decrease in 
temperature with depth was noted to exist at a depth of 3.0 to 4.0 
meters in Lake Lucien and a typical thermocline appeared to exist in 
the summer months. The dissolved oxygen concentrations decreased with 
water depth and were lower during summer months than winter and spring. 
Selected temperature and DO profiles are presented in Figure 8. ·. 
The west pond (S2) appeared to be turbid and lower in dissolved 
oxygen concentrations than other stations particularly during the wet 
season and summer months. The dissolved oxygen during Nay through 
August of 1979 averaged about 60% of the saturation level in the west 
pond (S2). DO concentrations were at or near saturation near the 
surface of Lake Lucien at all times of the year. Levels were noticed 
to drop off rapidly only at depths of greater than 3.0-4.0 meters. 
Water Samples 
Water quality characteristics presented in Appendix B-1 show 
that there were wide variations in the concentrations of all para-
meters measured when comparing average values from the four . stations. 
pH values ranged from a high of 9.86 to a low of 6.65. Turbidities 
reported range from 1.9 to 42.0 showing great variation with both 
sampling location and date. Average turbidity showed a low of 2.70 
JTU coming from S3 and the highest average, 22.0 from the west pond, 
S2. The standard deviations of 1.06, 3.98, 4.89, and 12.9 JTU from 
stations Sl to S4,- respectively, reflect the variability in the levels 
with time. Total organic carbon (TOC) values for the study ranged 
between 4.5 and 34.9 mg/1, S2 had the lowest average of 8.82 mg/1 and 
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S3 the highest of 15.1 mg/1. Inorganic carbon showed the same spread 
in the data with values of 3.5 to 64.0 mg/1 being reported and unlike 
TOC, S2 had the highest average concentration of 30.8 and S3 the 
lowest of 6.76 mg/1. Chlorophyll "a" measurements showed that station 
Sl had the highest average of 17.2 ~ g/1 and the greatest variability 
w~th a standard deviation of 17.3 ~g/1 . Individual concentrations 
for this station ranged from 5.0 to 53.1 ~g/1. - Station S2 showed 
the next highest average of 8.05 ~g/1 and concentrations measured 
for the other two stat~ons range bewteen 3.4 and 9.5 with the 
average concentrations for S3 and S4, 4.76 and 5.39 ~ g/1. Relatively 
few nitrate measurements were taken, however they show that station 
S2 consistently had the highest concentration. The average concen-
trations for stations Sl through S4 were 1.01, 2.22, 0.497, and 0.370 
mg N/1, respectively. Total phosphorus concentrations recorded ranged 
from below detectable limits to 630 ~ g-P/1. Average values ranged from 
a high of 355 at station S2 to a low of 38 ~g/1 at station S3. The 
standard deviations were quite high relative to the average concen-
trations, 1076 to 346 ~g-P/1 , reflecting the variability of concen-
trations with time. 
Calcium and magnesium were also analyzed for in each water 
sample collected. Results of these analyses showed that the average 
calcium concentrations from stations Sl through S4 were 29.9, 56.1, 
12.0, and 11.9 mg/1 with corresponding standard deviations of 8.69, 
4.25, 1.66 and 1.27 mg Ca/1. Magnesium concentrations showed the 
same type of differences between stations as calcium. Average concen-
trations for station S2 was highest, 4.91 mg/1, and the concentrations 
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for stations Sl, S3, and S4 were 1.88, 3.93, 4.17 mg/1, respectively. 
The standard deviations for the means were found to be 0.296, 0.801, 
0.221 and 0.627 mg/1 for stations Sl, S2, S3 , and S4. 
Heavy Heta1s in Water 
Each of the water samples collected was also analyzed to 
determine the concentrations of several heavy metals as presented in 
Appendices B-2 through B-5. Total zinc concentration ranged from 
below detectable limits to a high of 138 ~ g/1 with the dissolved 
concentrations going from below d e tectable limits to 92 ~ g/1. The 
highest average total zinc was recorded for the east pond, 71 l-l g/1 
with 46 % in the dissolved form with S2, S3, and S4 reporting 64 l-l g/1, 
67 % dissolved; 57 ~ g/1, 60% dissolved; and 56 l-l g/1 with 61 % dissolved. 
Average cadmium concentrations were e x tremely low with many individual 
measurements being below detection limits. The highest total cadmium 
concentration of 5 ~ g/1 was recor ded for Lake Lucien with other 
average cadmium levels 2 to 3 llg /1. Cadmium in Lak e Lucien was all 
attached to suspended particulates as opposed to the other stations 
which averaged 50-66 % in the dissolved form. Average arsenic concen-
trations for both the total and dissolved fractions, ranging from 11 
to 131 ll&/1, were generally less than the standard deviations in all 
cases. The highestn~ckel concentration was detected in the east pond, 
20 llg/1 with 40% in the dissolved form. The other stations showed 
15 ~g/1 of which 33% was dissolved at S2, 11 ~g/1 of which 36% was 
dissolved at S3 and 7 l-lg/1 with 43% dissolved at S4. The highest 
copper concentration was found in the west pond at 38 ~g/1 with 55 % 
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dissolved followed by 36 ~g/1 with 53% dissolved found in Lake Lucien. 
Levels of total copper in the east pond (Sl) and near the outfall into 
Lake Lucien (S3) were 32 and 28 ~g/1 of which 53% and 64% was in the 
dissolved form, respectively. 
Iron, lead, and chromium are three of the most important metals 
with respect to urban highway runoff. Total iron concentrations 
ranged between 77 and 690 ~g/1, total lead fell between 9 and 129 ~g/1 
and total chromium concentrations were reported from 1 to 49 ~g/1. 
The highest average total iron, lead and chromium concentrations, · 414, 
92, and 17 ~g/1, were all detected in the west pond S2. The next 
highest concentrations were found in the east pond (Sl), 241, 53, and 
15 llg/1, for iron, lead and chromium, respectively. Concentrations 
in the two stations at Lake Lucien were quite similar, 140 30 and 
9 at S3 and 182, 33, and 9 ~g/1 at S4 reported for iron, lead, and 
chromium. The fraction of the metal in the dissolved form was noted 
to generally increase as the turbidity decreased. Station S2 had the 
highest average turbidity, 22.0 JTU and showed 31% of the iron, 72 % 
of the lead and 41% of the chromium were in the dissolved form. 
Stations Sl and S3 which had turbidities of 7.35 and 2.70 JTU showed 
55% and 62% of the iron, 83.0% and 83.3% of the lead, and 47 % and 
78% of the chromium for stations Sl and S3, respectively were in the 
dissolved form. 
Bottom Sediments 
Samples of bottom sediments were collected and combined to ob-
tain composite samples for each of the four sampling stations. The 
sediment samples obtained were analyzed to determine their moisture 
content, percent loss on ignition, and concentrations of calcium, 
magnesium, phosphorus, and heavy metals. The concentrations are 
presented in Appendices B-6 through B-11 in terms of ~g metal per g 
of oven dried weight of sediments. 
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The moisture contents of the sediments ranged from 19.5 percent 
to 90.4 percent. The average values recorded were 24.4, 46.2, 49.9 
and 76.4 percent for stations Sl to S4, respectively. The standard 
deviations were relatively low 15 to 20 % of the average indicating a 
reasonably homogenous set of samples over the sampling period. The 
percent loss on ignit.ion which could be an indicator of the volatile 
or organic content of the sediments showed a large variance between 
different sampling stations. Average values ranged from 1.04 at Sl 
to 21.4% loss at S3, the outfall to Lake Lucien. Intermediate values 
were recorded for stations S4 and 52 of 3.57 and 9.16 % loss on 
ignition. The standard deviations for this parameter were of the 
same magnitude as the averages, 1.06 for Sl and 20.6 f or S3. 
Phosphorus concentrations were 275, 3698, 1036, and 223 ~ g/g dry weight 
of sediments for stations Sl through S4. Standard deviations for 
these measurements generally amounted to 50-60% of the average. 
Calcium concentrations showed wide variations between sampling 
periods and al.so be·tween stations. Concentrations ranged from 514 to 
12711 ~g/g with the average values calculated to be 820, 4483, 11105 
and 2690 ~g Ca/g dry weight for stations S4 to Sl, respectively. 
Similarly, magnesium concentrations varied over a wide spectrum from 
27.8 to 2184~g/g dry weight of sediments, averaging 900 ~g/g for 
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station S2, 681 ~g/g at S3, 114 ~g/g at S4 and 97.7 at Sl. 
Average cadmium concentrations in ~g/g dry weight of sediments 
for the four stations were ~11 very low ranging from 0.072 at Sl to 
0.591 at S3. Arsenic content ranged from below detectable limits 
to 45.3 JJ.g/g dry weight. The average arsenic concentrations for 
stations Sl through S4 were 4.27, 15.5, 11.8, and 1.49 with the 
corresponding standard deviations of 3.95, 14.7, 12.7, and 1.48 ~g/g. 
The highest average concentrations were found in the west pond and its 
outfall into Lake Lucien, Sl and S3. Similarly, the highest average 
nickel concentration, 10.6 ~g/g, was found at the west pond, S2. The 
next highest average nickel concentrati on, 5.95, was detec~ed at 
the outfall, 53, and concentrations in the east pond and Lak e Lucien 
were nearly identical, 1.23 and 1.15 JJ. g/g dry weight for S4 and Sl, 
repectively . Lowest copper concentrations were reported f o r Sl and 
54, 2.87 and 5.02 JJ.g/g dry weight of sediments and the h ighest 
average copper concentrations, 34.7 JJ. g/g, detected in the outfall, S3, 
was over twice that found in the west pond, 15.2 ~ g/g. 
Zinc concentrations were lowest in the east pond (Sl ) , 9.40 
JJ.g/g and highest in the sediments from the outfall to Lake Lucien (S3) , 
120.0 ll&lg dry weight. The west pond and Lake Lucien, S2 and S4, had 
average zinc concentrations of 35.2 and 21.1, respectively. Concen-
trations of iron being much higher than those of zinc ranged from 127 
to 7543 JJ.g/g dry weight of sediments. The highest concentration 
of iron was detected in the west pond sediments, 3265 JJ. g-Fe/g dry 
weight, while the outfall to Lake Lucien, S3, had the next highest 
average concentration of 2053. The average iron concentrations in the 
sediments from the east pond and Lake Lucien were 561 and 421 llg/g. 
The concentrations of chromium reported averaged 33.9, 15.3, 3.00 
and 2.51 ~g-Cr/g dry weight for the west pond (S2), outfall to Lake 
Lucien (53)~ east pond (Sl), and Lake Lucien (S4). Lead in the 
sediments was of special interest since it has been related to 
highway runoff and tends to manifest itself in the sediments. The 
highest average concentrations were 98.4 in the west pond and 75.5 
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1Jg/g at the outfall into Lake Lucien. The concentration of lead in 
Lake Lucie~ and the east pond, 13.0 and 10.7, were much lower than the 
other stations, similar to other heavy metals. Generally, the high-
est concentrations of the heavy metals occurred in the west pond, 52, 
and the outfall into Lake Lucien, S3, the l~tter showing a larger 
variability between sampling periods. ThP lowest concentrations were 
consistently shown to exist in the east pond, Sl, and Lake Lucien (S4), 
the control section. 
Heavy metals found in the sediments are often associated with 
the finest particles and the concentration in the fines may be a 
better indicator of the heavy metal enrichment than the concentration 
in the unfractionated sediments. Therefore, similar to Lake Ivanhoe 
composite sediment samples representing five sampling periods were 
dried, ground, and passed through a 105 ~ sieve and analyzed to 
determine heavy metals associated with the fine sediments. The 
results are presented in Appendix B-11. 
The losses on ignition were noted to be quite differe~t 
betw~en stations; averaging approximately 21% for S2 and S3, the west 
pond and the outfall, 11.9% for S4, Lake Lucien, and only 3.2% at the 
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east pond, Sl. Appendix B-11 shows that concentrations of all 
parameters were higher in the fines from the west pond, S2, as 
compared to the outfall, 53, with both these stations, S2 and S3, 
showing significantly higher concentrations than the other two 
stations. Of these parameters concentrations of Cr and Cu for the 
west pond were TJ.oted to be almost twice those in the fines from the 
outfall. The concentrations of all the parameters measured, except-
ing Zn, Ph, Ni, Cu, and Cd for the east pond (Sl), were found to be 
lowest in the f i.nes from the sediment~ of the control section. The 
low concentrations reported for the east pond may be due in part to 
the low organic content of these sediments as · suggested by the small 
loss on ignition. 
Plant Samples 
Several different plant types were collected from the sampling 
stations, however a ~pecies common to all four s ampling stations was 
not found. Therefore comparison of concentrations can only be made 
between selected stations. Chara samples were taken only in the 
east pond. WaLer hyacinth (Eichornia) samples were collected at 
three different locations within the west pond to see if any differ-
ences could be noted. Water lily and Hypercium samples were taken 
from Lake Lucien and the outfall from the west pond. Cattails (Typha) 
were collected from the east pond, the west pond and the outfall for 
the west pond. 
Data on the percent moisture and percent loss on ignition for 
each of the plant types in presented in Appendices F-2 and F-3. 
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Chara samples had a relatively low moisture content of 85.6% and a 
percent loss on ignition of 35.5%. Hypercium samples from S4 and S3 
had almost identical moisture contents of 94.6% and losses on ignition 
of 82%. The moisture content and % loss on ignition of water lily 
samples from the two stations in Lake Lucien, S3 and S4, also showed 
negligible differences between stations averaging approximately 
90.1% moisture and 89.9% loss on ignition for the two stations. The 
average percent moisture content of the Eichornia samples was 92-93% 
and the percent loss on ignition _averaged 81-84%. Finally, only 
slight differences were recorded for the Typha samples collected from 
each station for which the moisture content ranged from 85-88% and 
the percent loss on ignition fell between 89 and 91%. 
Chara, a green macroalgae, exhibited the lowest loss on igni-
tion of the plant samples and some of the highest heavy metal concen-
trations as shown in Appendix F-1. The average concentrations of Zn, 
Ni, Fe, Pb, and Cr were 61.5, 10.6, 609.9, 137.4, and 22.0 ~g/g dry 
weight of Chara. The results of the analysis ·of the water hyacinths 
shows that concentrations were similar between each of the stations 
with Zn, Fe, and Pb showing the most variance. Average concentrations 
of Zn ranged from 70.-97.1 ~g/g, Fe ranged between 854and 1137 ~g/g 
and Pb concentrations fell between 75.0 and 96.0 ~g/g dry weight of 
plants. 
Water lily samples were collected from the two sampling stations 
within Lake Lucien. Appendix F-1 shows the cone:entrations of the 
various parameters vary only slightly between stations. Concentra-
tions of As, Zn, Ni, Cu, Fe, Cr, and Mg averaged approximately 7.4, 
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44.0, 2.6, 9.0, 124, 2.7, and 2.5 ~g/g dry weight of plants, resp-
ectively at both stations. Cadmium, lead and calcium concentrations 
in the control section were 0.32, 21.4, and 14.5 11g/g which were 
higher than the concentrations of 0.17, 16.3, and 11.3 lJg/g reported 
for the same constituents at the outfall from the west pond, S3. 
Hypercium samples were also collected from the same two stations 
within Lake Lucien. The average concentrations of As, Cd, Ni, Mg, 
Ca, and P for both stations were 17.0, 1.0, .5.5 5.5, 18.7 and 1.1 
}..lg/g dry weight of plants, respectively. Concentrations of L.57.5, 
46.2, 1252 and 78.5 ~g/g for Zn, Cu, Fe, and Pb in the control section, 
S4, were higher than those of 223, 32.5, 837.6, and 71.1 11g/g report-
ed for Hypercium samples colle<.:.'Led from the outfall. 
Typha samples were (~l~~cted from the west pond (S2), east 
pond (Sl), and the outfall into Lake Lucien, S3. Concentrations 
averaging 0.25, 2.7, 12.0 and 1.0 ~g/g for Cd, Ni, Ca, and P were 
reported for all three stations. Samples of Typha taken from the east 
pond, Sl,had thehighest concentrationsofAs, Zn, Cu, Fe, Pb, and Cr, 
11.3, 45.3, 13.0, 229, 26.6 and 4.3 ~g/g dry weight, respectively. 
The lowest average concentrations of Zn, Fe, Pb, and Hg, were detected 
in the samples taken from the west pond, 52, and samples from its 
outfall into Lake Lucien, 53, showed the lowest average concentration 
of As and Cr. 
Benthic Organisms 
The benthic organisms collected from the Maitland interchange 
sampling stations have been grouped into four main categories to 
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compare the density of organisms encountered at each of the stations. 
These four groups are the mollusks, annelids, crustaceans, and insect 
larvae . The averages presented for the mollusk in Appendix G-2 show 
that the sampling areas were sparsely populated with these organisms. 
The highest population densities of 8 and 6 organisms per rn2 were 
reported from the outfall into Lake Lucien and Lake Lucien proper, 
S3 and S4. The number of organisms in the borrow ponds were quite 
low with an average of 2 organisms/m2 in the east pond, Sl, and less 
than 1 organism/m2 iD the west pond, S2. Organisms were collected in 
the contro l station, Lake Lucien, during four of the eight sampling 
periods and two or lP ::;s times in each of the other locations. 
The annelids, consisting primarily of Tub if e x 't:orms, were 
collected f rom all th~ sampling stations on at l e :::tst half of the 
visits to each station. The largest population densities were 
encountered in the east pond, Sl , and Lake Lucien, S4, in which the 
density averaged approximately 69 organisms/m2. Lower densities were 
found in the west pond, S2, and the out f all o f t h e west pond into Lake 
Lucien, S3 , 26 and 21 organisms/m2. Crustaceans were noted in only 
one sample in the east pond, Sl. Twenty-one organisms/m2 were found 
on this date and subsequent samplings did not produce any of these 
organisms. Likewise, insect larva or more specifically dragonfly 
nymphs were only encounter,ed in the east pond, Sl. The one sample for 
which the number of organisms was determined showed that 14 organisms 
per meter squared was the approximate distribution of these organisms. 
The results of the chemical analysis of the benthic organisms 
collected is presented in Appendix G-1. The reader is directed to this 
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appendix of results for Lake Lucien for a description of the varia-
tions in the concentrations between samples that resulted from 
extremely small samples that were collected for some organisms. The 
tables in the appendix present data for all the organisms including 
pelecypods, insect larva, crustaceans, annelids, and hirudinea. The 
data for these organisms are regrettably too few for a statistical 
analysis or comparison between stations and are not discussed in this 
section. 
Gastropoda sru.nples were collected at least once from every 
sampl.ing station. 'Ihe lowest concentrations of As, Cd, Zn~ Cu, Pb, 
Cr, Mg, Ca, and P were found in the organisms taken from the west 
pond, S2. The lowest concentration of nickel was found in the east 
pond, Sl, and the lowest concentration of iron ':·· "'~ r1.etected in the 
snails collected in the control section, S4. The highest concentra-
tj~~ of cadmium was found in the control section whereas the h~n~est 
concentrations of Pb, Zn, Cr, Mg, and P were found in the east pond, 
Sl. The highest concentration of As, Ni, Cu and Ca were detected in 
the organisms taken from near the outfall of the west pond into 
Lake Lucien, S3. Th~ average concentrations for each of the stations 
ranged from 7.4 to 87.8 ~g/g for Pb, 84.9 to 147 ~g/g for Fe, 23.5 to 
2174 ~g/g for Zn, 0.53 to 6.3 for Ni and 0.59 to 43.2 ~g/g for Cr. 
Several tubifex :Bamples were obtained from every one of the 
four sampling stations. A definite trend was noted to occur for each 
parameter looking at the highest average concentrations. The highest 
concentrations of Cd, Zn, Ni, Cu, Fe, Pb, Cr, Mg, and Ca were detected 
in the organisms taken from the west pond, S2. The lowest average 
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concentrations for each of the parameters occurred at different 
stations. The lowest concentrations of Zn, Cu, Pb, Cr, Mg, and Ca 
were found in the control section, S4, while the lowest concentrations 
of Cd, Ni, and Fe were found in Lake Lucien near the outfall from the 
west pond, S3. The actual average concentrations for each of the 
parameters exhibited a large amount of variance between stations. The 
concentrations ranged from 250 to 1,488 ~g/g for Zn, 16.3 to 504 for 
Ni, 587 to 6,178 ~g/g for Fe, 7.5 to 559 ~g/g for Pb and 13.1 to 130 
~g/g dry weight of organisms for Cr. Generally speaking the highest 
average concentrations reported ~vere at least an order of magnitude 
higher than the lowest average concentrations determined for these 
organisms. 
CHAPTER 6 
DISCUSSION AND ANALYSIS OF RESULTS 
The sampling program. for this study was designed to determine 
the possible impact of highway bridges runoff on the surrounding 
aquatic environment. For this purpose samples of water, bottom 
sediments, p l ants, and benthos were collected from selected sampling 
points at Lake Ivanhoe and the 11ai tland interchange sites. The . 
results of the analyses of these samples have been reported in the 
preceeding c~~pters. Statistical analysis of the results using the 
SAS computer program from the University o~ South Florida were 
performed to test for significance of differences in concentration 
between stations. Significant differences, wh~ch will be discussed 
in this chapter, were those concentrations which were shown by the 
t-test analysis to differ at the 90% or greater con f idence level. 
Water Column 
The heavy metals associated with t he.: water column and detected 
in bridge runoff samples will be discussed here including significant 
differences between the various sampling stations at Lake Ivanhoe 
and the Maitland interchange. 
Lake Ivanhoe 
The results of the water samples collected from Lake Ivanhoe 
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beneath two sets of scuppers on the south bridges, Sl and S2, beneath 
the north bridges, 53 and from the west section of Lake Ivanhoe · s4 ' , 
as presented in Appendices A-2 to A-5, show that the concentrations 
in the water column of total and dissolved metals were quite similar. 
The t-test analysis also showed that there were no significant 
concentration differences between stations in the water column. No 
significant differences were found even though the total concentra-
tions of Zn, Ph, Ni, and Fe in runoff water averaged 4.7, 20.8, 3.5, 
and 12.6 times higher than the average c0ncentrations in Lake 
Ivanhoe, Table 5. Much smaller differences were found between Cr, 
Cu, and Cd in the runoff and lake water samples. It was difficult 
to assess -ne relative impact of the bridge runoff due to a lack of 
specific i11.formation about the location and loadings from other 
sources and mixing zones within the lake. 
Similar studies 1-)ave been conducted by other authors in which 
highway runoff samples have been analy zed. Three such studies having 
relevance to this work are the bridge runoff study conducted b y the 
U.S.G.S. (Irwin and Losey 1978), Mattraw (1978), and Shaheen (1975). 
The U.S.G.S. sampled runoff from the U.S , 27 bridge over the 
Ochlocknee River near Tallahassee which was loaded to represent a 
traffic volume of 26-29 7 000 ADT. Mattraw (1978) collected data from 
a 3,000 foot length of a six lane divided highway equipped with curb 
and gutters in Broward County, Florida on which the traffic volume 
was 20,000 ADT. Shaheen (1975) determined several linear regression 
equations estimati_ng heavy metal loadings from traffic volume, pre-














































































































































































































































































































































































































concen·trations of pollutants off the south bridge at Lake Ivanhoe. 
The calculations assumed a traffic volume of 48,000 ADT, a length of 
1 mile, a bridge width of 60 feet, and a wet season rainfall of 29 
inche ~ for June through September. 
Table 6 presents the concentrations of heavy metals in high-
way runoff found in this study and three similar stuides mentioned 
above. The concentrations detected in this study fall between those 
found by the Matt raw and the U .. S .G. S. studies and the average concen-
tration values calculated based upon the loading intensities predicted 
by Shaheen- The bridge runo .cf study by the U.S.G.S. represents an 
average of 26,000 cars which is roughly half the traffic volume at 
Lake Ivanhoe and therefore these concentrations would be ex: ... ected to 
be lower. Traffic volume at Lake Ivanhoe was also twice the traffic 
volume of 20,000 ADT in the Broward County study. Additionally, the 
runoff saFr.led included stormwater from the floodplain areas surround-
ing the highway which would tend to lower concentrations by adding 
more dilution water and adsorption of pollutants onto the soil. 
Stormwater samples from I4 at Lake Ivanhoe were taken directly from 
the scupper drains before any type of treatment could take place and 
would be expected to contain higher concentrations of pollutants if 
traffic volume is a major factor here. Concentrations from I4 were 
higher for all metals than those presented by Mattraw and the U.S.G.S. 
with the exception of chromium. This may be explained considering 
the loading intensity for chromium which is less than most of the 
other metals as predicted by the equations of Shaheen and the 

































































































































































































































bumpers in the last few years. Pollutant concentrations were 
calculated based upon the loading intensity equations from Shaheen 
based on the traffic volume on I4 and rainfall depth similar to 
88 
the pe "od in which the runoff samples were collected from Lake 
Ivanhoe. The concentrations of Cd, Cu, Zn, and Ni were roughly 
double those found in this study. The concentrations of Cr and Pb 
calculated from the predicted loading inl..E-.nsities were approximately 
4 times greater than the actual concentrations measured in runoff col-
lected from the scupper drains. The larger differences in concentra-
tions of Cr and Pb may be explained by the decreasing use of chromium 
in automobile production and the increase in cars burning 
fuels since the early 1970's when the data for the regression equa-
tions by s, . .:.ii:u:::t:::n were collected. These calculated concentrations 
should als0 be viewed as upper limits since it was assumed that 100% 
of the pollutant loading was carried off in the runoff, which ignores 
the effects of turbulence and wind to carry pollutants off the road-
way, antecedent dry period, and intensity of rainfall. In summary, 
the data show fair agreement with other studies considering the 
increased heavy metal pollutants could results from higher traffic 
volume and may indicate a decrease in loadings of Cr and Pb due to 
their decreasing use in association with transportation. 
Lead concentrations in the scupper drain runoff water was of 
special interest because it was detected in the highest concentrations 
of all the toxic heavy metals, its primary source is the combustion of 
leaded f;uelst and its toxicity. The average lead concentration in the 
waters of Lake Ivanhoe (75 ~g/1 total Pb and 66 pg/1 dissolved Ph) and 
89 
in the scupper drain runoff water (1558 ~g/1 total Pb) violate the 
maximum permissible concentration recommended by the Florida 
Department of Environmental Regulation (FDER) in Chapter 17-3. The 
ruies specify that concentrations in all surface waters should not 
exceed 50 ~g/1 Pb. 
The heavy metals released into Lake Ivanhoe through the scupper 
drains can be estimated assuming an average yearly rainfall of SO 
in/yr on the 73440 square feet of bridge surface and the average 
concentrations determined in the runoff water from the scuth bridges 
during this study. The loadings based upon these assum'f.1~ions were 
13.5 kg/yr total and 1.6 kg/yr dissolved lead, 4.3 kg/yr total and 
2.9 kg/yr dissolved nickel, and 0.1 kg/yr total and 0.66 kg/yr 
dissolved chromium. ThesP loadings are probably conservaLive 
estimates of pollutants released to Lake Ivanhoe because dustfall 
and bulk precipitation have not been considered here. 
The fate of the heavy met~ls released into the waters of Lake 
Ivanhoe could not be completely predicted. The toxic heavy metals 
which are predominantly in the dissolved from may be of greatest 
importance because they may remain in the water column raising con-
centrations above "safe" limits, disperse throughout the receiving 
waters, and become incorporated into the food chain. Lead, which had 
the highest average concentration of the toxic heavy metals in the 
scupper runoff water, was shown to be primarily in the particulate 
,-
form, 88% of the total lead as presented in Table 5. The exact 
fate of this particulate matter is not fully known, however, lead 
compounds have generally been associated with the most dense fractions 
90 
of the soil (Olson and Skogerboe 1975; Wanielista et al. 1978) and 
should settle out of the water column close to the point of release. 
The work of Oliver et al. (1974) with lead associated with snow 
~p particulates suggests that 90% or more of the lead asscciated 
with the particulates will reamin immobilized even when subjected to 
extraction solutions much more severe than those encountered in most 
natural waters. 
Maitland Interchange 
This site was selected to examin ·- the levels and distribution 
of pollutants fl-vm highway and bridge rr ·· ~off within a dentention/ 
retention P--7"'d system. Water samples were collected in the east pond, 
Sl, west pond, S2, the outfall from the --Test pond in Lake Lucien, 
S3, and the main body of Lake Lucien, S4. The. results of these 
analyses were presented in Appendices B-2 through B-5 and show that 
the highes t averag2 total lead, iron,. and chromium concentrations 
were found in the west pond, S2. The t-test analysis, Table 7, showed 
-
that total lead and total iron were significantly higher in the west 
pond compared to the east pond, Sl. Tr ~ statistical comparsion of 
the west pond and Lake Lucien, Table 8, 3howed that concentrations 
of dissolved and total lead, total chromium, and total iron were 
significantly greater in the west pond at the 95% confidence level. 
Further statistical analysis showed t .hat no significant differences 
in concentrations of pollutants existed between the outfall, S3, 
and the west pond, Sl, and Lake Lucien, S4, and the east pond, Sl. 
























































































































































































































































































































































































































































































































































































Sl, was 92 ~g/1 which exceeded the ~aximum permissible concentration 
of 30 ~g/1 specified by FDER, Chapter 17-3 for recreational waters. 
The average concentration of total copper, 38 g/1 in the west pond 
also exceeded the maximum permissible standard of 30 ~g/1 set by FDER 
in Chapter 17-3. Total lead detected in the water samples from Sl, 
SZ, S3, and 84 averaged 83, 72, 83 and 58% in the dissolved form. 
This indicates that the majority of the denser particulate associated 
lead, approximately 88% of the total lead concentration in the bridge 
runoff samples, had settled out of the water columns, leaving pre-
dominantly the smaller particulates and the dissolved portion to flow 
through. 
Runoff water from Interstate 4 and the adjacent access lanes 
enters the east pond, Sl, after flow~ng over varying distances of 
densely grassed median and floodplain areas. TI1e east pond was also 
noted to have a thick standing crop of Chara algae within the pond 
and a sand bottom relatively free of accumulated particulates. These 
factors would seem to have contributed to the lower total concentra-
tions of heavy metals in the east pond, Sl, as compared to the 
west pond, 82. The west pond received some direct runoff from the 
Maitland Boulevard bridge in addition to runoff from the adjacent 
roadway and flow from the other ponds. This pond was also noted to 
be highly turbid with many fine particulates in suspension which would 
help to explain the higher total concentrations reported there. 
Bottom Sediments 
Literature sources previously cited and results of the bridge 
94 
runoff samples showed that a large fraction of the heavy metals, 
especially Pb, Fe, and Cd, were associated with particulates in the 
runoff. These heavy metals tend to settle out in the vicinity of 
the source and become incorporated into the sediments .in the absence 
of significant velocity gradients within the water column. Therefore, 
sediment samples were collected from selected locations at each of 
the principle sampling sites and measur..:d for extractable metals to 
detect any heavy metal enrichment in the sediments due to bridge 
runoff. 
Lake Ivanhoe 
A statis·tical:• analysis was performed to compare the concen-
trations of heavy metals in the sedimen~s collected underneath the 
south ~~~dges, Sl and S2, with scupper drains and the north bridg~~~ 
S3, without scupper drains. The t-test analysis showed that there 
were no significa.u.t ..... vncentration differences between the sediments 
collected underneath two different sets of scupper drains on the 
south bridges, Sl and S2. The results of the t-test analysis com-
paring S2, between the south bridges and S3, between the north 
bridges are presented in Table 9. T~ : concentrations of Zn, Pb, Ni, 
and Fe were found to be significantly greater in the sediments under-
neath the south bridges with scuppers, S2, at the 99% confidence 
level. Concentrations of Cr, Cu, and Cd were also significantly 
higher in the sediments underneath the south bridges, S2, with a 
probability of 90% or greater. All the concentrations of these heavy 
































































































































































































































as compared to the sediments collected between the north bridges 
w.ithout scuppers. Lead concentrations were significantly different 
at the 99.9% confidence level and were over 3 times higher in the 
sediments beneath the bridges with scuppers. The statistical analysis 
shows that there is signifcant heavy metal enrichment in the sediment 
underneath the bridges with scuppers. It supports the conclusion that 
heavy metals ?..ssociated with particulates, especially lead which was 
88% in the particulate form in the runoff samples, will settle out and 
become immobilized in the sediments near the point of release. There-
fore the concentrations in the sediments should give a good indication 
of areas in which heavy metal , ___ u:ichment is occurring. 
The work of Uken et al. (1977) and other authors suggest that 
the majority of the heavy metals in the se~~ents are associated with 
the finest particles. Therefore the concentrations of heavy metals 
would be controlled by the percentage of fine particulates in the 
unfractionated sediments and the amount of metals associated with 
them. It has further been proposed that heavy metal pollution might 
be detected in the fine size fraction when it didn't appear in the 
concentrations of the unfractionated sediment samples. For this 
reason samples of sediments collected from each station were passed 
through a 105 micron sieve and analyzed for heavy metal content. The 
results of these analyses were presented in Appendix A-11. The 
results show that the concentrations of heavy metals were all higher 
in the sediments beneath the south bridges, 52, as compared to the 
sediments beneath the north bridges, S3, as indicated by the concen-
tration in the unfractionated sediment samples. 
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Maitland Interchange 
The average concentrations of extractable Zn Pb Cr N1· · Cu 
' ' ' ' ' 
Fe, and Cd were found to be three to eleven times higher in the 
sediments of the west pond, S2, as compared to those from the east 
pond, Sl, as presented in Table 10. The t-test analysis showed that 
all these differences 'vere significant at the 95% confidence level or 
higher. A comparison of sediments from the west poud, S2, and Lake 
Lucien, S4, showed that concentrations of Pb, Cr, Ni, Cu, Fe, and 
Cd we r e three to t wenty-two times greater in the sediments of the 
west pond, Table 6.11. The statistical analysis showed that the 
differences in Cu concentration was significant at the 90% con-
fidence level and the differences in Ph, Cr, Ni, Fe, and Cd were 
significant at the ~J % or greater confidence level. A final com-
p a rison between the west pond, 52, and the outfall into Lake Lucien, 
S3, presented in Table 6.12,shows that concentrations of extractable 
Zn and Cu were three times higher at the outfall; Fe, Ni, and Cr were 
one and half to two times greater in the sediments nf the west pond 
and Pb and Cd were similar for both stations. The statistical 
analysis showed that only the difference in Cr concentration was 
significant at the 90% or greater confidence level. 
The low heavy metals concentrations in the sediments of 
the east pond as compared to the west pond could be attributed to the 
smaller number of sources contributing runoff to the east pond ~nd 
the characteristics of the sediments which were predominantly 
composed of medium sand with little fines or organic matter as 

















































































































































































































































































































































































































































































































































































































































































































receives the flow from two adjacent ponds plus highway runoff, and 
bridge runoff from Maitland Boulevard. In addition to the increased 
number of sources the sediments of the west pond exhibited a higher 
percent loss on ignition compared to the east pond and Lake Lucien, 
and were composed primarily of fine sand, silt and clay. The 
sediments from the outfall area in Lake Lucien, 83, were similar 
in concentration level to those found in the west pond. These 
concentrations may be due in part to the high organic content of 
these sediments as evidenced in the field and by the percent loss on 
ignition. Heavy metals are also released to the outfall area during 
periods of no flow over the wooden weir by flow leakage through the 
weir. The use of a control structure which didn't allow leakage to 
occur and the installation of underdrains or a simple filtration 
device to remove heaby metals by adsoprtion and filtration could 
signficantly reduce the amount of heavy metals leaving the west 
pond. It is also of interest to note that the lead concentration 
in the sediments beneath the scuppers at Lake Ivanhoe was 423 g/gm 
as compared to a concentration of 98 g/gm at the west pond. This 
difference is reasonable considering the direct runoff input from 
the scuppers at Lake Ivanhoe, the lower traffic volume at the 
Maitland - interchange, and that the Naitland interchange was con-
structed 11 years after the Lake Ivanhoe crossover . . 
Biota Samples 
Samples of plants and benthos were collected from each of 
the principle sampling sites to determine if significant differences 
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existed . Difficulties were encountered in this part of the sampling 
program trying to find species common to all the sampling stations 
and collected at the same time. Even though the data base was not 
ideal it was possible to reach some specific conclusions based upon 
the data collected. 
Lake Ivanhoe 
The plant samples at Lake Ivanhoe included Typha, Spirogyra, 
and Hydrilla, and benthic organisms collected included crustaceans, 
gastropods, pelecypods and annelids. A statistical comparison of 
concentrations detected in plants and benthos from stations 51 and 
S2, both located underneath the south bridges with scuppers, showed 
that there were no significant concentration differences. The 
statistical analysis of organisms taken from between the south bridge, 
S2, and between the north bridges, S3, revealed that there were 
significant differences in concentration for Spirogyra and Hydrilla, 
as shown in Tables 13 and 14. Concentrations o f Zn, Pb, Fe, and 
Cd were significantly higher at the 90% confidence lev el in samples 
of Spirogyra collected beneath the south bridge~, S2. The concentra-
tions of Ni was significantly higher in Hydrilla samples from S2 
compared to S3 and concentrations of Zn, Pb, and Cd were also higher 
although only with a probability of greater than 80%. Too few benthic 
organisms could be collected to provide sufficient data for a 
statistical comparison to be performed at Lake Ivanhoe. 
Concentration or enrichment factors were calculated for each of 









































































































































































































































































































































































































































































concentrated the most heavy metals and would therefore be the best 
indicators of heavy metal pollution. These factors were calculated as 
the ratio of the average concentrations in mg/gm of a particular metal 
in a plant or benthos species over the average concentrat~on of 
dissolved metal~ mg/ml, in the water column. The results of these 
calculations are presented in Appendices H-1 and H-4. Hydrilla and 
f pirogyra showed concentration factors that were seven to ei~; ~ times 
Luose found for the Typha samples. A comparison of Hydrilla c.. .... d 
Spirogyra showed that Spirogyra tends to concentrate more Cu, Fe, and 
Pb; less As, Zn, and Cr; and approximately an equal amount of Cd and 
Ni. Spirogyra wouJrl seem to be the best indicator of heavy metal 
enrichment because it is ubiquitous in polluted waters of Florida, 
showed differences in this study not evidenced in the other plant 
-= .ample types, its higher surface area to weight rat.io and .1.. !latively 
rapid growth rate. 
Generally speaking the crustaceans and the Tub if ex won;_· . 
Jllected exhibited the highest concentration factors. High• 
concentration factors of 10825~ 1908 and 10076 were noted for Cr, Pb, 
and Zn in the Tubifex samples and similar concentration factors of 
: pproxima tely 13,000 and 6., 000 for Ni and Cu were exhibited t · both 
Tubifex and Crustacea samples. The Crustacea samples showed a higher 
concentration factor of 20726 for Fe. The Tubifex worms could be used 
as indicator organisms for the detection of heavy metal enrichment 
from pollutional sources based upon these results. 
Maitland Interchange 
Significant differences between stations were difficult to 
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determine because of the scarcity of organisms and the difficulty in 
finding an organism common to all four sampling stations. Typha 
was the only plant type that was common to more than two sampling 
stations as it was collected from Sl~ S2 and S3. The t-test analysis 
showed few significant differ.ences in Typha samples, however, Mg was 
significantly greater in S3 compared to S2, P was significantly greater 
in Sl compared to S3, and zinc w... significantly greater and Cr was 
greater at the 80% level in Sl as compared to 52. Tubifex samples 
in the west pond~ S2~ had significantly higher concentrations of Zn 
and higher conentrations of Mg, Cu, and Cr with an 80% or greater 
probability compared to samples taken from Lake Lu . _ .:n, S4. Zinc 
concentrations in the Tubifex samples from the west pond were also 
si~ .. tl.ficantly greater than samples collected in the east pond, :_ -· 
Sam~les of water hyacinth (Eichornia) were collected from three 
different locations within the west pond to see if concentration 
differences could be detected near the inlet and outfall areas. 
The statistical analysis showed Lr&at no intrapond concentration 
differences existed. 
Concentration factors were also calculated for samples of 
Eichornia~ Typha, Chara~ Hypercilll.U, and water lilies collected at the 
Maitland interchange site. The results presented in Appendix H-2 
showed that Hypercium was the best indicator of heavy metal enrich-
ment since it exhibited the highest concentration factors of 1101~ 
7068~ 1467, 2119, 12448, and 3488 for the heavy metals, As, Zn, Ni, 
Cu, Fe, and Pb, respectively. Chara could also be used as a good 
indicator of heavy metal pol.lution since it showed the highest 
107 
concentration factors for Cd and Cr and exhibited concentration factors 
for As, Ni and Pb nearly equal to Hypercium. 
Similar to Lake Ivanhoe, concentration fac .tors for the benthos 
samples collected at the Maitland interchange presented in Appendix 
H-3 showed _that Tubifex samples exhibited the highest concentration 
factors. These data show that Tubifex and Hirudinea samples tend to 
concentrate heavy metals to a high degree and may be us :.... ·~ as indicators 
of highway runoff pollution. However, obtaining large enough sample.s 
of these organisms for heavy metal analysis can often be difficult. 
The pelecypods and gastropods collected exhibited lower concentration 
factors, but ~ -iY be of equal importance as highway pollution indicators 
because they are easy to obtain in large enough samples for accurate 
analyses and they are filLer feeders ingesting suspended matter with 
which heavy metal pollutants are often associated. Of the plant 
samples the best indicators of heavy metal pollution seem to be the 
macroalgae, Chara and Spirogyra, and the submerged aquatic plants, 
Hydrilla and Hypercium. The overriding factors here may be the large 
surface area to weight ratio which may increase contact with and sorp-
tion of heavy metals by these plant types. 
Relative D.istribution of Heavy Metals 
The relative areal distribution of heavy metals within the 
water column and bottom sediments per unit area has been calculated 
based upon the data collected in this study. The concentrations of 
heavy metals in the dissolved and suspended fraction were calculated 
in mg/m2 for Lake Ivanhoe and the Maitland interchange based upon the 
108 
average water depth and concentrations in Appendices A-2 through 
A-5 and B-2 through B-5. 
. 2 
The concentration of heavy metals per m 
in the sediments were calculated by determining the weight of sed-
iment collected and the concentrations shown in Appendices A-6 
through A-9 and B-6 through B-9. The total weight of sediments 
collected at each station was recorded and the area sampled was 
estimd.ted from this data considering the number of bites of sed-
iments collected by the Eckmann dredge which samples a 36 square 
inch area per bite. It was assumed for the purpose of these cal-
culations that all the heavy metals within the sediments were con-
centrated in the uppe:r. layer sampled by the dredge. The results 
of these calculations are presented in Appendices H-1 to H-4. 
The concentrations of the heavy metals in each of the three 
fractions in mg/m
2 
were used to dets rmine the total heavy metal 
content per m
2 
from which the percentage in each fraction was cal-
culat~d. The relative distribution of metals for Lake Ivanhoe, 
Table 15, shows that an average of 96.4, 75.7, 93.8, 97.1, 99.6, 
99.1, and 98.3% of the Zn, Cd, Ni, Cu, Fe, Pb, and Cr were con-
tained in the sediments per unit surface area. Lower percentages 
were calculated for the Maitland interchange and are presented in 
Table 16. Sl and S4 at the Maitland interchange which had sed-
iments which were predominantly composed o·f sands with small 
amounts of organic matter had lower percentages in the sediments 
than the other stations at the Maitland interchange or at Lake 
Ivanhoe. Of all the heavy metals Cd showed the largest vari-

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































when all eight stations were compared. This seems to show that 
distribution of Cd species is governed by factors which are highly 
site specific as compared to the other heavy metals and/or that 
concentrations were not high enough for a quasi-equilibrium to be 
reached between the three fractions. It is also of interest to note 
that 99.6% of the Fe and 99.1% of the Pb detected at Lake Ivanhoe were 
~ontained in the sediments since it was shown that these mt . ls were 
predominantly in the particulate form in the runoff water sam..;.. led. 
Thes e data show that the sediments are the primary sink o f heavy 
metals rel eased from highway and bridge runoff. 
CHAPTER 7 
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
Two principle sites on Interstate 4 in Orange County, Florida 
were sampled during the winter, spring, and summer of 1979 to inves-
tigate the impact of highway bridge runoff on adjacent receiving water 
bodies. The Lake Ivanhoe site was well suited for the study of bridge 
runoff because of the two existing bridges crossing the lake. The 
north bridges, without scupper drains, discharge stormwater to 
adjacent floodplain and the south bridges with scupper drains dis-
charge runoff water directly into Lake Ivanhoe. Thi.s site allowed 
the investigation of the impacts of the direct runoff discharged 
through the scuppers directly to the waters of Lake Ivanhoe~ Runoff 
water at t h e 1--faitland interchange is- channeled through a series of 
detention ponds before it is discharged through a culvert into Lake 
Lucien. The distribution of heavy metals within the ponds and in 
Lake Lucien was studied to examine the removal of pollutants by 
detention ponds. 
Four sampling stations were selected at each of the two 
principle sampling locations. The sampling stations at Lake 
Ivanhoe included: Sl beneath the easternmost set of scupper drains on 
the south bridges, 52 between the south bridges, 53 between the two 
sections of the north bridges~ and 54, the control, in the western 
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section of Lake Ivanhoe. The sampling stations at the Maitland 
interchange included: Sl . in the east pond which flows into the west 
pond, S2 in the west pond which outfalls into Lake Lucien, S3 
the outfall of the west pond in Lake Lucien, and 84, the control, 
in the main body of Lake Lucien. Eight sets of samples of water, 
bottom sediments, plants and benthic organisms were collected between 
Februa1y and August of 1979. Samples of bridge runoff were also 
collected from the scupper drains on the south bridges at Lake 
I v anh oe f o llowi ng three precipitation events in mid August, 1979. 
The samples were analyzed for physical and chemical parameters, 
e x pecially the heavy met._...._::,: Pb, Fe, Zn, Cd, Cr, Cu, and Ni. The 
e x perimental results were statistically analyzed to determine if 
significant differences existed betwe...::.L1 samples from each of the 
sampling s t ations. The f ollowing conclusions were reached: 
1. No significant differences in heavy metal concentrations 
ex isted in the west section of Lake Ivanhoe showing heavy metals were 
evenly d istributed throughout the water column. 
2. Scupper drain runoff water contained several times higher 
concentrations of Zn, Pb, Ni and Fe than the average concentrations 
detected in Lake Ivanhoe water samples. 
3. Lead and iron in the scupper drain runoff water were 
mainly in the particulate form, since an average of only 12% of the 
total concentration was in the dissolved form. These particulates 
were most likely to settle out from the water column in the 
innnediate vicinity of the point of release and become immobilized by 
the sediments. 
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4. The highest average concentrations of Pb, Zn, and Cr in 
the water column of all the stations sampled at the Matiland inter-
change were detected in the west pond, S2. The concentration of Pb in 
the water column of the west pond was shown to be significantly 
greater than the average concentrations detected ~n the east pond, Sl, 
and the control section, S4, with a probability of greater than 99%. 
5. Statistical analysis of bottom sediments collected from 
two stations, Sl and S2 underneath the south bridges at Lake Ivanhoe 
showed that there were no significant differences in concentrations 
between these stations. However the statistical analysis showed 
that concentrations of Pb,. Fe, Cr, Ni and Zn, metals most often 
associated with highway runoff, were significantly higher in the 
sediments underneath the scupper drains on the south bridge as 
compared to the sediments under the north bridge which contained 
no scupper drains. 
6. The t-test analysis showed that concentrations of Pb Cr, 
Ni Fe and Cd were significantly higher in the sediments of the 
west pond, S2, at the 95% confidence interval compared to concen-
trations of these same metals in the sediments from either the east 
pond, Sl, or the control section, S4, in Lake Lucien. 
7. Analysis of the less than 105 micron fraction of the 
sediments showed the same types of concentration differences between 
stations exhibited by the unfractionated sediment samples. This is 
a further indication that the finer fraction of the sediments will 
reflect heavy metal pollutants released to the sediments from highway 
runoff. 
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8. An estimation of the aver?ge distribution of heavy metals 
per unit area between the dissolved fraction, suspended fraction and 
bottom sediments showed that most of the heavy metals were associated 
with the bottom sediments, typically 95-98% of the total. 
9. Macroalgae and submerged plant samples; Chara, Spirogyra, 
Hydrilla, and Hypercium in this study; were shown to exhibit the 
h~5hest concentration factors for heavy met~ls studied: Zn, C . ~ Cu, 
Fe, Cd, Pb, and Ni. It appears that these plants, especially 
Spirogyra and Hype rcium, could be used as indicators of heavy metal 
pollution from highway and bridge runoff. 
10. Signi~Lcantly higher concentrations of Zn~ Pb, Fe, and 
Cd were dectected in Spirogyra samples collected underneath the 
bridges with scupper drains, S2, as opposed to the samples collected 
under the bridges without scupper drains. 
11. Benthic organisms from the phylum Annelida (Hirudinea and 
_9li.gochaeta) appeared to concentrate more heavy metals, espec:r.ally 
P~ and Cr, than other benthic organisms sampled. The results ~uggest 
that the organisms, Tubifex tubifex, would be a good indicator of 
highway runoff pollution when i .t could be collected in sufficient 
amounts to obtain a large enough sample for accurate heavy met~l 
analysis. 
12. The significance of differences between benthos samples 
could not be determined in most cases because of the weight of 
organisms collected for analysis, scarcity of organisms at different 
stations during the same sampling period~ and the number of samples 
of the same organism taken at a given station. The small populations 
116 
of benthic organisms sampled could have been due in part to the high 
concentrations of heavy metals detected in the sediments and water. 
Recommendations 
When highways pass over water bodies, especially land locked 
impoundments where the effects of heavy metal pollution are more 
localized and where high traffic v0lumes are encountered it is 
recommended that, 
1. The use of scupper drains in new construction be limited 
as much as is feasibly possible. 
2. Runoff from the bridge surface should be direc'ted --:ff the 
bridge surface toward either side so that the runoff will experience 
the maximum overland flow to encourage percolation and removal of 
heavy metals by the soil before r s~ching the receiving body. 
3. Future research should be conducted to deterrnitu:: 1-
extent of the floodplain required ~djacent to the bridge to create 
a desirable level of heavy metal ~:. :·moval. 
Where detention/retention systems are used in conjunction with 
highways for the control and storage of runoff before discharging 
this runoff into a receiving water body and where heavy metal removal 
is desired, 
1. Control structures should be installed to insure that 
heavy metals are not released to the receiving water body during 
periods of no flow by flow leakage between the ponds and the receiving 
waters. 
2. Natural vegetative canals should be used to convey water 
from the detention/retention pond to the receiving water body to 
117 
provide an additional amount of settling out and adsorption of heavy 
metals by the sediments before introduction of the runoff into the 
main body of the receiving water. 
3. Further research should be conducted to develop construc-
tion practices and management schemes for these detention/retention 
ponds to maximize removal of heavy metals. Consideration should be 
given here to the types of sediments af ~ · Jrding the greatest degree of 
r emoval and the role and best types of plants that might be introduced 
to increas e hea vy metal removal. 
118 
APPENDIX - A-1 WATER QUALITY CHARACTERISTICS 
IN LAKE IVANHOE 
Parameter Station ConC:'entra t ion ~tat 1st 1 ca 7 Anahs1s 2-B 3-16 4-19 S-t7 6~0 7-13 8- 3 B-24 x a 
S-1 7.73 7.61 8.59 8.47 11 .37 --- 8.06 8.00 7.99 ---
pH S-2 8.56 7.85 8.64 8 . 61 8. 94 B.2B B.OO 8. 06 8.23 ---S-3 8.81 8.21 8.80 8.47 8. 37 --- 7.17 7.97 7.87 ---
S-4 8.7Z 8.08 8.76 8.76 7 .93 8.84 !J.60 7.95 8.29 ---
s- t 6.60 6.40 4.50 8.20 £,. 70 4.80 4.70 3 .20 5.64 1.60 
Turbidity S-2 4.00 6.50 4.30 6.80 13 .. 00 4.30 6 .00 4 . 20 6.14 2.99 S-3 7.20 4.50 4.10 5.80 ~ . 20 4.50 4.40 7.00 5.84 1.82 
S-4 4.90 5.40 8.00 7. 00 21.00 4.50 4 . .60 8.00 7.93 5.48 
-
S-1 9.70 5.90 8.40 8.10 10.9 --- --- --- 8.60 1.88 
TOC S-2 8.90 6.00 9.90 9.20 12.80 --- --- --- 9.36 2.43 
mg/1 S-3 8.20 7.80 9.10 7 . 90 11 . 00 --- --- --- 8.80 1. 33 
S-4 9.20 7.00 9.00 9.60 14 . 4 --- --- --- 9.84 2.74 
Inorganic S-1 20.30 21.90 41.60 20.30 17.40 --- --- --- 24.30 9.81 S-2 20.90 21.70 41.80 19.40 17 . 70 --- --- --- 24.30 9.90 Carbon S-3 21.80 21 .30 41.80 19.20 16 . 30 --- --- --- 24.10 10.10 mg/1 S-4 . 22.00 21.30 41.80 18.80 17.20 --- --- --- 24.20 10.00 
Cnlor11phyl1 S-1 24. 10 17.90 11.20 28.50 16 .80 10.60 11.70 8.40 16.20 7.12 S-2 15.00 15.10 11 .20 20.10 21 80 10.60 10.60 7.80 14.00 4.92 -a S-3 10.10 13.40 14.50 20.10 19 60 10.10 11.20 14.00 14.10 3.92 ~o~9/1 S-4 24.60 14.00 21.80 23.50 27 40 l l.70 12.90 8.40 18.00 7.08 
S-1 --- --- --- --- 1.68 --- 0.80 0.99 1.16 .463 
tfi trates S-2 --- --- --- --- 0. 26 --- 0.71 0.94 0.637 .346 S-3 --- --- --- --- 2. 47 --- 0.38 1.38 1.46 .912 1118/1-R S-4 --- --- --- -.-..- 4. 27 --- 0.70 1.20 2.06 1.93 
S-1 --- .072 .229 --- .106 .107 .086 .077 .113 .0587 
Total S-2 --- .097 .028 --- . 109 .095 .082 .132 .091 .0349 
Phosphorus S-3 --- .038 .264 --- . 154 .093 .018 .163 .122 .0912 
ag/1-P S-4 --- .044 .312 --- .112 .042 .098 . 133 • 124 .099 
S-1 42.00 50.50 49.60 36.50 38.30 35.20 39.00 39.60 41.30 5.67 
Ca1c1u. S-2 41.20 49.50 50.00 36.50 38.10 34.70 39.10 41.00 41.30 5.67 S-3 42.90 49.40 50.20 36.40 38.30 34.70 38.50 40.60 41.40 5.76 
•all S-4 41.10 49.30 49.80 36.20 40.00 36.30 38.30 42.30 41.70 5.32 
S-1 3.50 5.10 4.40 3.70 4 . 10 4 .. 60 4 . 60 5.00 4.30 .53 
S-2 3.60 5.00 4.40 3.70 4.10 4.70 4.80 5.00 4.40 .57 Hagnes1u S-3 3.50 5.10 4.30 3.70 4.20 4 . 50 4.50 5.00 4.40 .55 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































APPENDIX- A-ll. BOTTOM SEDIMENT CHARACTERISTICS 
FOR PARTICLE SIZE LESS THAN 105 
MICRON FROM LAKE IVANHOE 
Average Concentration 
sl 52 53 s4 Units 
9.8 7.6 6.9 21.8 Percent 
253.0 244.0 149.0 "'245. 0 ~~ 
984.0 827.0 491.0 335.0 
85.6 68.9 44.8 130.0 
~ 
41.0 33.7 14.7 32.0 ..c-· 0') 
•r-
QJ 
282.0 241.0 143.0 --- 3 
~ 
3900 . 3191 1889 3350 0 
E 
Ol 
2.1 1. 5 1.0 2.0 ........... r::n 
;::1. 
15.4 9.2 8.0 21.2 
8209.0 7945.0 6629.0 11695.0 
3869.0 2530.0 2227.0 4446.0 ~'-
128 
129 
APPENDIX - B-1 WATER QUALITY CHARACTERISTICS 
IN MAITLAND INTERCHANGE 
Parameter Stat1on Concen tra t1 on S ta t i s t 1 c a 1 Anahsh 2-22 3-20 5- 3 5-24 I 5~29 7-20 8-17 8-30 x (} 
S-1 8.09 7.57 9.86 9.31 9.18 7.94 9.22 8.40 8.19 ---
pH S-2 7.97 7.43 7.93 7.85 7.99 7.85 7 .. 67 7.70 7.76 ---S-3 6.97 6.65 7.39 7.45 7.52 7.52 7.06 7.45 7.13 ---S-4 7.40 7.06 7 .32 7.20 -·-- 7.41 7.31 7.09 7.24 ---
S-1 17.00 5.50 5.00 3.30 4.00 12.50 4.00 7.50 7.35 4.R9 
Turbidity S-2 25.50 42.00 15.20 19.00 11.00 10.80 11.80 41.00 22.00 12.90 S-3 2.40 1.90 5.00 2.60 3.50 2.20 2.00 2.00 2.70 1 . 06 
S-4 10.0 4.70 4.00 3.00 3.50 13.30 2.80 2.40 5.46 3.98 
S-1 8.30 8.80 13.80 9.90 6.00 --- --- --- 9.36 2.86 
TOC S-2 6.90 11.90 13.20 7.60 4.50 --- --- --- 8.82 3.62 
mg/1 S-3 11.50 9.30 34.90 11.50 8.50 --- --- --- 15.10 11 .1 0 
S-4 12 •. 20 10.80 16.60 14.00 6.60 --- --- --- 12.00 3.73 
Inorganic S-1 21.50 13.70 16.00 9.90 10.20 --- --- --- 14.30 4 .78 S-2 31.30 24.10 64.00 7.60 26.80 --- --- --- 30.80 20.60 Carbon S-3 5.00 3.50 9.80 11.50 4.00 --- --- --- 6.76 3.64 mg/1 S-4 4.00 3.50 9.50 14.00 4.40 --- --- --- 7.08 4.56 
Chlorophyll S-1 9.00 5.60 5.60 5.00 6.20 29.70 23.50 53.10 17.20 17.30 S-2 13.40 12.90 7.30 7.80 4.50 6.20 5.00 7.30 8.05 3.35 
-& S-3 4.50 5.00 6.20 4.50 3.90 5.00 5.60 3.40 4.76 .896 mg/1 S-4 5.00 7.30 s .• oo 5.60 2.80 9.50 3.40 4.50 5.39 2.15 
--
S-1 --- __ ,_ 0.79 --- --- 1.34 --- 0.89 l.Ol .293 
Nitrates S-2 --- --- 2.11 --- --- 2.59 --- 1.95 2.22 .333 S-3 ---· --- 0.52 --- --- 0.58 --- 0.39 0.497 .097 mg/1-rf S-4 --- --- 0.70 --- -·-- 0 . 07 --- 0.34 0.370 .316 
S-1 --- .067 . 121 •. 333 . 065 .228 .045 .073 .133 .1076 
Phosphorus S-2 --- .481 .145 •. 540 .351 .188 . l47 .630 _355 .2004 S-3 --- .008 .075 .044 uo .069 .070 uo .038 .0346 1118/1-P S-4 --- .046 .110 .218 UD • 159 .081 .034 .093 • 0761 
S-1 39.50 35.00 18.40 19.80 21.00 33.80 33.50 38.20 29.90 8.69 
S-2 57.80 64.20 52.00 59.90 52.20 53.60 54.10 55.10 s6. to 4.25 
I Cal cit:~~~ S-3 11.00 13.00 llAO ' 15.50 10.00 11 . 60 11.50 11.70 12.00 1.66 
! ~q/1. S-4 --- 13.60 10.80 13.30 10.00 11.70 11.90 11.70 11.90 1.27 - . 
S-1 2.00 2.10 1.70 1.60 1.50 2.00 1.90 2.40 1.88 . 296 
S-2 4.60 3.60 6.20 5.70 4.60 5.00 4.60 5.10 4.91 .801 Hagnesiu. S-3 3.90 3.70 4.20 4.30 3.70 4.00 3.70 4.00 3.93 .221 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































APPENDIX- B-11. BOTTOM SEDIMENT CHARACTERISTICS FOR PARTICLE 
LESS THAN 105 MICRON FROM MAITLAND INTERCHANGE 
Parameter Average 
Concentration Units 
s1 52 s3 s4 
'Loss on Ig- 3.2 20.8 22.6 11.9 Percent nition (%) 
I 
· · Zn 29.7 l 01.0 96.7 80.7 Jr\ 
I 
I 
Pb 39.7 205.0 179.0 58.3 
I 
Cr 13.9 190.0 73.1 11 . 7 
Ni 4.4 28.3 24.4 6.0 .,_, 
-'= 
0) 
Cu 27.2 184.0 72.4 40.3 ..,... <1J 
~ 
I Fe 2267 .. 0 7756.0 6428.0 1739.0 ~ 
Cl . 
Cd 0.3 2.1 1 • 1 0.7 E Ol -..... 
en 
As 10.1 41.7 34.3 5.8 ;::1. 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































APPENDIX J-1 WATER QUALITY PARAMETERS 
OF SCUPPER DRAIN RUNOFF WATER 
NUMBER 
CONCENTRATION 
STATION PARAMETER OF Std. 
SAMPLES RANGE MEAN DEVIATION 
NE pH 3 6.75 - 8.80 7.02 
Turbidity 3 12.0 - 27.0 25.2 12.6 
(JT~) 
Nitrate-N , 3 3.24 - 8.20 5.11 2.70 
(mg/1) 
Total p 3 0.232- 1.220 0.615 0.529 
Diss. p 0.007- 0.132 0.076 0.064 
NW pH 3 6.91 - 7.20 7.06 
Turbidity : 3 27.5 - 82.5 49.2 29.3 
(JT1J) 
Nitrate-N : 3 1.44 - 3.76 2.93 1. 30 
(mg/1) 
Total p 3 0.240- 1.150 I 0.564 0.508 
Diss. p 0.000- 0.135 0.065 0.068 
I 
SE pH 3 6.94 - 8.43 7.16 
Turbidity 3 18.0 - 43.0 27.0 13.9 
(llg/1) 
Nitrate-N 3 2.68 - 4.96 4.08 1.23 
(mg/1) 
Total p 3 0.16 - 0.343 0.258 0.092 
Diss. p 0.00 - 0.137 0.087 0.076 
170 
APPENDIX J-1 WATER QUALITY PARAMETERS 
OF SCUPPER DRAIN RUNOFF CONT'D. 
NUMBER CONCENTRATION 
STATION PARAMETER OF . Std . 
SAMPLES RANGE MEAN DEVIATION 
SW pH 2 6.82 - 6.99 6.90 
Turbidity 2 21.5 - 41.0 31.3 13.8 
(JTlJ) 
Nitrate-N 2 2.48 - 3. 76 3.12 .905 
(mg/1) 
Total p 2 0.162- 0. 21)_ 0.187 0.035 
Diss. p 0.000- 0.039 0.030 0.042 
I 
171 
APPENDIX J-1 WATER QUALITY CHARCTERISTICS FOR HIGHWAY 
BRIDGE RUNOFF FROM INTERSTATE 4 AND LAKE IVANHOE 
NUMBER CONCENTRATION mg/1 Avg. 
STATION PARAMETER OF Std. %. in 
SAMPLES RANGE HEAN DEVIATION SOLUTION 
NE Total Zn 3 505 - 1120 778 313 65 
Diss. Zn 28 - 1120 502 560 
Total Cd 3 3 - 9 6 3 17 
Diss. Cd 0 - 2 1 1 
Total As 3 0 - so 27 25 0 
Diss. As 0 - 0 0 0 
Total Ni 3 22 - 261 106 135 95 
Diss. Ni 7 - 261 101 140 
Total Cu 3 27 - 101 72 33 47 
Diss. Cu 11 - 55 34 22 
Total Fe 3 790 - 6850 3253 3185 2 
Diss. Fe 34 - 107 81 41 
Total Pb 3 710 - 3150 1977 1223 7 
Diss. Pb 69 - 171 136 58 
Total Cr I 3 3 - 25 11 12 18 
Diss. Cr 0 - 0 2 3 
Total Ca 3 35500 - 53800 41833 . 10369 99 
Diss. Ca 35500 - 53800 41666 10508 
Total Mg 3 n90 - 2790 1463 ' 1154 87 
Diss. Hg 541 - 2790 1297 1293 
NW Total Zn 3 344 - 705 497 187 46 
Diss. Zn 104 - 441 231 183 
Total Cd 3 3 - 8 5 3 20 
Diss. Cd 0 - 2 1 1 
Total As 3 0 - 120 74 65 100 
Diss. As 0 - 120 74 65 
Total Ni 3 18 - 60 33 23 85 
Diss. Ni 6 - 59 28 28 
Total Cu 3 40 - 79 56 20 29 
Diss. Cu 10 - 25 16 8 
Total Fe 3 2260 - 6850 3960 2516 19 
Diss. Fe 6049 - 2170 767 1215 
Total Pb 3 1540 - 3250 2233 900 8 
Diss. Pb 110 - 343 188 134 
Total Cr 3 14 - 27 18 8 17 
Diss. Cr 0 - 9 3 5 
Total Ca 3 30900 - 51700 39100 11076 88 
Diss. Ca 21800 - 51700 34560 15421 
Total Ng 3 745 - 1800 1118 591 65 
Diss. Mg 294 - 1440 731 620 
172 
APPENDIX J-2 WATER QUALITY CHARACTERISTICS FOR HIGHWAY 
BRDIGE RUNOFF FROM INTERSTATE 4 AND LAKE IVANHOE 
NUMBER CONCENTRATION l-!g/1 Avg. 
OF Std. % in 
STATION PARAMETER SAMPLES RANGE l1EAN DEVIATION SOLUTION 
SE Total Zn 3 228 - 469 321 130 91 
Diss. Zn 180 - 469 292 155 
Total Cd 3 4 - 5 5 1 40 
Diss. Cd 0 - 5 2 3 
Total As 3 30 - 145 84 58 100 
Diss. As 30 - 145 84 58 
Total Ni 3 13 - 47 29 17 93 
Diss. Ni 7 - 47 27 20 
Total Cu 3 32 - 48 38 9 79 
Diss. Cu 16 - 45 30 15 
Total Fe 3 510 - 1120 845 309 2 
Diss. Fe 82 - 175 113 53 
Total Pb 3 815 - 1220 1000 205 32 
Diss. Pb 186 - 504 317 166 
Total Cr 3 4 - 6 5 1 20 
Diss. Cr 0 - 2 1 1 
Total Ca 3 32300 - 51600 40533 9957 100 
Diss. Ca 32300 - 51600 40533 9957 
Total 11g 3 69 - 1210 928 263 83 
Diss. Hg 428 - 1110 766 : 341 
sw Total Zn 2 253 - 439 346 132 88 
Diss. Zn 173 - 439 306 188 
Total Cd 2 3 - 6 5 2 40 
Diss. Cd 1 - 3 2 1 
Total As 2 17 - 70 43 37 88 
Diss. As 6 - 700 38 45 
Total Ni 2 28 - 48 38 14 100 
Diss. Ni 28 - 48 38 14 
Total Cu 2 35 - 37 36 1 69 
Diss. Cu 23 - 27 25 2 
Total Fe 2 1180 - 1360 1270 127 11 
Diss. Fe 87 - 184 136 69 
Total Pb 2 690 - 820 755 92 9 
Diss. Pb 62 - 70 67 5 
Total Cr 2 7 - 9 8 1 14 
Diss. Cr 0 - 1 1 1 
Total Ca 2 25100 - 29300 27200 2970 100 
Diss. Ca 23400 - 31100 27250 5445 
Total Mg 2 493 - 660 577 118 67 
Diss. Mg 317 - 442 380 88 
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